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There are few reports of the application of antibiosis 
as a possible means of controlling Verticillium albo- 
atrum Reinke and Berthold. Most of these publications 
are concerned with in vitro studies which report the 
effects of various organisms or their products on V. 
albo-atrum (Ark and Hunt, 1941; Arnstein et al., 1948; 
Smith, 1947). Wilhelm (1951a) effected a reduction in 
the inoculum potential of V. albo-atrum by amending 
pots of field-infested soil with blood meal, fish meal, 
cottonseed meal, and ammonium sulfate. In other 
studies, Wilhelm (1951b) reported: (1) that V. albo- 
atrum was unable to colonize 3 natural soils after a 
period of 6 weeks following the introduction of Verti- 
cillium into the soils in the form of spores or sclerotia 
on sterilized pieces of tomato stem; (2) observations 
that this pathogen grows readily in sterilized soil; 
(3) on the effects of introducing isolated species of soil 
fungi singly into pots simultaneously with V. albo- 
atrum. In the last case this author found that species of 
Gliocladium, Chaetomium, Stachybotrys, and M yrothe- 
cium killed or checked the growth of Verticillium. It has 
been noted for some time by the research workers at 
Purdue University investigating the Verticillium wilt 
of peppermint (Johnson, 1951; Luck, 1953) that this 
fungus will readily colonize sterilized muck soil but 
can not be isolated from unsterilized muck soil. This 
fact has suggested that it is biologically reduced in the 
soil. 

The purpose of this study was to determine the 
effectiveness of certain fungi in controlling V. albo- 
atrum, and then ascertain the persistence of their anti- 
biotie products in muck soil, as well as their in vivo 
effect upon the pathogenicity of this organism. 


MATERIAL AND METHODS 


The experimental work on the fate of V. albo-atrum 
in muck soil was divided into two phases. The first of 
these was a laboratory phase involving the isolation 
and determination of fungi antagonistic to V. albo- 
atrum and the observation of this pathogen when 
grown in flasks of muck soil with the antagonistic 
fungi. The purpose of the laboratory phase was to 
discover antagonistic fungi and test their effectiveness 
as a preliminary to greenhouse trials. The second phase, 
the greenhouse phase, was devoted to introducing the 


The Pathogenicity of Verticillium albo-atrum as 


Affected by Muck Soil Antagonists 
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Department of Biology, Purdue University, Lafayette, Indiana 


Received for publication May 13, 1957 


antagonists into pots of sterile muck soil and noting 
the effect on the pathogenicity of V. albo-atrum. 


Laboratory Phase 


Fungi antagonistic to V. albo-atrum were isolated 
from muck soil using standard microbiological tech- 
niques. All of the organisms isolated were bioassayed 
against the no. 182 (Wilhelm), no. 9 (Wilhelm), and 
B11B (Johnson) isolates of V. albo-atrum. 

Eighteen samples of muck soil were collected during 
different times of the year to obtain a representative 
flora of this soil. Eight of these samples were taken from 
fields containing peppermint (Mentha piperita L.) be- 
cause this plant is the host for V. albo-atrum. In each 
case, an attempt was made to isolate every fungus 
possible from the sample and test its activity against 
species of Verticillium. 

The potency of the antagonists and their metabolic 
products was determined by culturing them on solid 
and in liquid media. Three media were used: Waks- 
man’s meat extract medium, Czapek’s acid medium, 
and potato glucose medium. The “T” streak method 
was employed on solid media. 

In assaying for antagonistic metabolic products, the 
fungi were grown in liquid media. Both stationary and 
shaken flask cultures were grown. The contents of each 
flask were ‘Seitz filtered” and the filtrates were as- 
sayed by the filter paper disc method on plates seeded 
with V. albo-atrum. 

The suitability of muck soil as a medium for the 
production of antibiotic substances was pertinent to 
the assay of promising antagonists. A percolation tech- 
nique described by Lees and Quastel (1946) was adapted 
for this evaluation. The technique consisted of the per- 
fusion of a solution through a modified Audus type soil 
percolator (Audus, 1946). This percolator, as shown in 
figure 1, was composed of a 21 mm I.D. glass tube 8 in. 
long, 2 globe separatory funnels, a stop cock, 2 small 
and 1 large air filter, and a 3 ft length of glass tubing, 
I.D. 6 mm, which was bent to connect the 2 separatory 
funnels. The 8 in. glass tube was filled with 60 g of 
muck soil. This was autoclaved for 30 min at 15 Ib 
pressure. The remainder of the apparatus was sterilized 
and the entire apparatus reassembled. The soil column 
was inoculated by loosening the rubber stopper at the 
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top of the soil column and introducing a 1 ml spore 
suspension of the particular fungus under study. The 
soil column was incubated for 2 weeks at room tem- 
perature. The mechanical operation of this type of unit 
was initiated by placing 50 ml of sterile distilled water 
into reservoir C and allowing the liquid to percolate 
down through the soil column A by opening stop cocks 
1 and 2 and pinch clamp a. At this time, stop cock 3 
was closed and the percolate was caught in reservoir B. 
Stop cocks / and 2 and pinch clamp a were then closed 
and stop cock 3 was opened. Air was used to force the 
liquid through the glass tubing and back up again into 
reservoir C. The process was repeated until the liquid 
had been percolated a total of 5 times. Then pinch clamp 
b which had remained closed during the previous 
operation, was opened and the percolate was taken 
from the apparatus. This percolate was assayed by the 
filter paper dise method. 

As a preliminary to greenhouse tests, an attempt was 
made to study the effects of antagonistic fungi on V. 
albo-atrum when grown in soil cultures in flasks. Two 
procedures were followed. The first involved the intro- 
duction of antagonists into flasks of muck soil and then 
adding V. albo-atrum into the flasks after the antago- 
nists were established. The second procedure varied 


Figure 1. Modified Audus type soil percolator used to assay 
the antagonists in muck soil. 


in that V. albo-atrum was added to the flasks first and 
then the antagonists. Samples were removed from the 
flasks at certain intervals and plated out to determine 
the fate of the Verticillium. 


Greenhouse Phase 


The effectiveness of certain fungi or their metabolic 
products to inhibit V. albo-atrum had been ascertained 
in the laboratory. The final goal of this research was 
to determine whether or nor these fungi would have 
the same effect in muck soil, as observed in the labora- 
tory, on the pathogenicity of V. albo-atrum for its 
host plant. Only those fungi showing satisfactory 
activity in all the methods of assay were used. The 
antagonists were cultured in suitable liquid media for 
10 days. The tomato plants were grown from seed and 
allowed to grow 3 weeks before transplanting. The 
muck soil for potting the tomatoes was placed in 
shallow trays, covered with aluminum foil, and auto- 
claved at 121 C for 1 hr on 3 successive days. Sterile 
pots were then filled with this soil and the top and 
bottom of each pot covered with sterile aluminum foil 
to prevent contamination. A single antagonist was 
inoculated into a set of 25 pots using 25 ml of a spore 
suspension. The antagonist was allowed to colonize 
the soil in the pots for 2 weeks. After the 2 week period, 
the young tomato plants were transplanted into the 
pots by making a hole in the center of the aluminum 
foil and inserting the roots of the plants through the 
hole into the soil. A piece of aluminum foil was placed 
around the stem and over the hole made for the stem 
to prevent contamination of the soil. At the time of 
transplanting, a 25 ml suspension of V. albo-atrum no. 9 
was added to each pot. The plants were incubated for 
6 weeks and observed for symptoms of disease during 
this period. A periodic check of the soil from each set 
of pots was made by taking a random sample from the 
set. At the termination of the experiment, the length 
of the leaves and roots and the height of the plants 
were recorded. The plants were cut off above the 
crown and taken into the laboratory where a positive 
determination was made for infection by plating out 
pieces of their stems by the recovery technique de- 
scribed by Opp (1951). 


RESULTS AND DiIscussION 
Laboratory Phase 


Isolations made from 18 samples of muck soil yielded 
a total of 119 organisms. The results of these isolations 
are presented in table 1. It is significant to note that a 
larger number of antagonists were isolated from soils 
in which crops other than peppermint were growing. 
Only 6 out of 46 fungi obtained from the samples col- 
lected from fields in peppermint proved to be active 
against the isolates of V. albo-atrum. On the other 
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hand, 13 of the fungi from under corn showed antag- 
onism to this pathogen. Eight of the organisms from 
the muck soil under oats and 10 of the isolates from 
under other crops exhibited inhibition. Nearly one-half 
of the organisms, which were taken from the soil of 
fields in corn, oats, and other crops and found to be 
antagonistic to V. albo-atrum, were actinomycetes. Of 
the total number of fungi, 37 were antagonists and, with 
very few exceptions, those fungi exhibiting inhibition 
to 1 isolate of V. albo-atrum exhibited the same degree 
of inhibition to the other 3 isolates of this same fungus. 

The field isolates, as well as stock cultures, were 
assayed for activity against the 3 isolates of Verticillium. 
Using standard techniques, 268 organisms were tested. 
Using the “T”’ streak method, we found that 62 or- 
ganisms inhibited the growth of the Vertzcdllium iso- 
lates. Results showed that 35 exhibited noteworthy 
antagonism. The filtrates from shaken and stationary 
flask cultures of these 35 organisms revealed that the 
metabolic products from 16 were active against the 
isolates of V. albo-atrum. 

The 16 organisms which had satisfactory activity in 
the assay of the filtrates from the flask cultures were 
assayed further using the Audus type soil percolation 
technique. Each organism was grown in the soil column 
and the perfusate from the soil was tested by the 
filter paper disc method. The zones of inhibition were 
measured and recorded after incubation periods of 7, 
14, and 21 days. Table 2 presents the data of these 
assays. It will be noted that the species of Streptomyces 
were inactive at the 7 day period of incubation. This 
was attributed to their slow rate of growth since it 
took nearly 2 weeks for these fungi to colonize the soil 
column. Only the percolate from Fimetaria sp. showed 
significant inhibition after 7 days of incubation. Peni- 
cillium urticae and Nematospora sp. remained negative 
throughout the experiment, while Streptomyces annu- 
latus had only slight activity after the 21 days. The 
percolate of Penicillium chrysogenum exhibited antago- 
nism only at the 14 day period. Some of the organisms 
showed increased effectiveness as the incubation ex- 
tended. All of the species of Aspergillus, Chaetomium 
sp., and Stachybotrys alternans produced percolates 
which decreased in activity with an increase in incuba- 


TABLE 1 


Results of isolations made from muck soil under peppermint 
and other crops 


No. of 
Samples | Antagonist 
2 24 | 10 
18 119 | 37 
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tion time. The outstanding examples of organisms 
which showed the ability to produce antibiotic sub- 
stances in muck soil were the isolate Streptomyces W-32 
and a species of Fimetaria. 

Further studies of the antagonists were made using 
soil cultures in flasks as a means of preparation for 
greenhouse trials. From these cultures, it was found 
that in all instances V. albo-atrum could not be re- 
covered after a period of 14 days when this organism 
was introduced into a soil culture of one of the antago- 
nists. Similar results were obtained when V. albo-atrum 
was introduced and established before the antagonists. 
Two series of controls were made and tested by sam- 
pling simultaneously with the test flasks. V. albo-atrum 
was present as the only organism in one set of control 
flasks. The second set of control flasks consisted of V. 
albo-atrum and organisms which did not show activity 
in any of the previous assays. In the first set of con- 
trols, V. albo-atrum could be recovered after 21 days. 
In the second set of controls, V. albo-atrum could not 
be recovered after 14 days. Therefore, the results of 
the tests with the antagonists and those of the controls 
with the nonantagonists were identical and demon- 
strated that V. albo-atrum was a poor competitor in 
the soil. This led to further investigations which in- 
cluded growing a large number of fungi, one at a time, 
with V. albo-atrum. As a general rule it was found that 
many and various kinds of fungi prohibited the recov- 
ery of V. albo-atrum from the soil flasks but they 
themselves were recoverable. Thus, it was realized 
that further studies of soil cultures in flasks would be 
inconclusive and would yield nothing as to the pros- 


TABLE 2 
Antagonistic activity of perfusates from the soil percolation 
apparatus 
Incubation Period In Soil Column 
in Days 
Organism 7 Days 14 Days 21 Days 
Diameter of zone of inhibition in mm 

Streptomyces griseus......... |} 14.5 15.2 
Streptomyces W-32........... — 25.6 | 26.5 
Streptomyces W-2............ _ 15.2 | 16.0 
Fimetaria sp................| 17.0 | ms 
Chaetomium sp...........-.. |} 13.5 16.5 16.0 
Stachybotrys alternans....... | 13.2 15.4 13.4 
Penicillium chrysogenum..... — 14.6 | 
Aspergillus clavatus......... | 13.5 13.2 | 


Nematospora sp............. 
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pects of using the antagonists in greenhouse trials. For 
this reason, the studies were concluded. 

The final phase, performed under greenhouse condi- 
tions, was undertaken to determine the fate of this 
pathogen in muck soil in the presence of antagonists 
as indicated by its ability to infect its host under these 
conditions. The 16 organisms found to be the most 
effective in the soil percolator assay method were used 
in these tests. Results in table 3 indicate that 7 of the 
16 organisms had no effect on the pathogenicity of V. 
albo-atrum no. 9. The measurement of the leaves, roots, 
and height of the plants which were grown in the pots 
with these 7 organisms closely paralleled the measure- 
ments of the infected controls. One plant of the Strep- 
tomyces griseus set did not show infection. This was not 


TABLE 3 


Results of the antagonists on the pathogenicity of Verticillium 


albo-atrum no. 9 in greenhouse tests 


| Avg Measurements of 25 Plants 


| In In. | No. of 
Antagonist | 
| 
Streptomyces griseus Sg.......| 9.6 4.2 16.6 | 24 
| §8.0 4.0 16:0 | 2 
S. albosporeus Sa............ | 10.4 7.2 19.4 | 16 
S. annulatus K-5............ | 9.2 | 7.0 | 17.9 | 19 
Streptomyces W-32........... 16.0 | 8.5 | 24.4 | 0 
Streptomyces W-2............ 8.2 | 4.4 16.0 25 
Fimetaria sp. K-14........... 15.6 8.5 24.1 0 
Chaetomium sp. K-6......... 15.2 8.2 24.0 1 
Podospora sp. K-7........... 15.0 8.2 23.8 0 
Stachybotrys alternans K-1...| 15.5 8.6 23.6 0 
Penicillium chrysogenum Pc. | 7.6 | 3.6 12.0 25 
P. urticae W-20.............. | 6.5 | 3.2 | 10.4 | 25 
Aspergillus clavatus Ac........ 6.4 | 3.2 | 12.0 | 25 
«7.6 3.4 12.2 25 
| 9.2 | 4.0 3:2 | 
Nematospora sp. Ne.......... | 7.2 | 3.8 11.8 | 25 
Infected control............. | 729 142 12.7 | 25 
Normal control.............. | 15.2 | 8.5 | 23.2 0 
Streptomyces W-32 (root 
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Figure 2. Photograph of tomato plants used in greenhouse 
trials to show the size and development of two plants (center) 
grown in soil inoculated with Penicillium urticae W-20, an 
infected control plant (left), and a normal control plant (right). 
Note the increase in the stunting of the plants with P. urticae. 


considered significant. In the cases of Streptomyces 
albosporeus and S. annulatus, 9 and 6 plants, respec- 
tively, remained uninfected. This partial protection 
was also indicated in the average measurements of 
these 2 sets of plants when compared with the infected 
control plants and those of the 7 sets of plants having 
the ineffective organisms. This difference was attributed 
to the delay in infection caused by these 2 species of 
Streptomyces. The delay was evident in the observa- 
tions of these plants for infection symptoms which did 
not occur until after infection was apparent in the in- 
fected control plants and the other infected plants. 
The plants in the pots with Penicillium urticae and 
Aspergillus clavatus exhibited symptoms earlier than 


Figure 3. Photograph to show the protective effects of Strep- 
tomyces W-32 when introduced into the soil before the inocu- 
lation of Verticillium albo-atrum no. 9. 
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Figure 4. Comparison of the root systems of three tomato 
plants. Left, root system from a normal, healthy plant. Center, 
root system from a plant protected by Streptomyces W-22. 
Right, root system from an infected control plant. 
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any of the other infected plants. This fact and the 
measurements of the plants disclosed that something 
had happened to these 2 sets of plants to increase the 
effects of Verticillium. Tests showed clearly that the 
organisms were still viable in the soil of these pots. One 
possible explanation was that these 2 fungi could pro- 
duce only small amounts of antibiotic substances in 
the muck soil of the pots. This had been indicated pre- 
viously in the soil percolator assays. The result’ was 
that the pathogen was stimulated and the expression 
of the disease enhanced. The plants (W-20) in figure 2 
plainly indicate the increase in pathogenic effects. This 
could not be considered uncommon since not all inter- 
actions between microorganisms are antagonistic. Al- 
though the relation of antagonistic fungi to soil-borne 
pathogens is an important study, the role of any or- 
ganism which might have a synergistic effect on a 
pathogen should not be overlooked. 

Four of the 5 remaining organisms of the 16 gave 
complete protection against the pathogen. These were: 
Streptomyces W-32, Fimetaria sp., Podospora sp., and 
Stachybotrys alternans. One of these, Streptomyces 
W-32, is shown in figure 3. A comparison of the root 
systems of an infected control, normal control and a 
plant protected by Streptomyces W-32 is shown in 
figure 4. Ordinary differences were present in the sizes 
and measurements of the plants but no more than were 
present between the plants of the noninfected control 
plants themselves. One plant of the Chaetomium sp. 
set was found to be infected but this was not con- 
sidered significant because this organism gave protec- 
tion in 96 per cent of the samples. 

Streptomyces W-32 was chosen to test the ability of 
an antagonist to protect a plant whose roots were 
dipped in a suspension of V. albo-atrum no. 9 and then 
planted in soil which had previously been colonized by 
this actinomycete. The results of this test are also 
given in table 3. Only 1 of the 25 plants was not in- 
fected. The root measurements reveal that the antago- 
nist prohibited the extensive damaging effect on the 
root system which is commonly caused by this patho- 
gen and which could be seen in the infected control 
plants. Aside from this, Streptomyces W-32 did not 
prevent the pathogen from penetrating and stunting 
the above-the-ground portions of the plants. 


SUMMARY 


The microflora of muck soil was found to contain 
humerous fungi antagonistic to the isolates of Verticil- 
lium albo-atrum. Muck soil from fields in corn, oats, 
and certain other crops yielded more fungi antagonistic 
to the various isolates of V. albo-atrum than the muck 
soil from fields in peppermint. 

Of 268 organisms, 62 were found to be inhibitors of 
Verticillium isolates on a solid medium and 35 ex- 
hibited noteworthy antagonism. From shaken and 


stationary flask cultures of these 35 organisms, 16 
filtrates were active against V. albo-atrum. 

A variation of the Audus-type soil percolator was 
used to assay the antagonists in muck soil. We found 
10 of 16 organisms exhibited moderate to good inhibi- 
tion of V. albo-atrum no. 9, thereby demonstrating the 
ability of certain fungi to produce a substance or sub- 
stances in sterilized muck soil which were active 
against V. albo-atrum. 

Verticillium can readily colonize sterilized muck 
soil. Many and various kinds of fungi made it impos- 
sible to recover V. albo-atrum from soil flask cultures 
regardless of their previous activity in the assays. On 
the basis of the soil flask cultures, it could be said that 
V. albo-atrum is a poor competitor in the soil. It clearly 
indicates that Verticillium is not a saprophyte in un- 
sterilized muck soil, but rather should be considered a 
soil invader and plant pathogen. 

Greenhouse trials of 16 antagonistic fungi indicated 
the possibility of modifying the pathogenic effects of 
V. albo-atrum no. 9 to tomato (Lycopersicon esculentum 
Mill.—Bonny Best). Streptomyces W-32, Fimetaria sp., 
Podospora sp., Chaetomium sp., and Stachybotrys 
alternans effected a complete control of this isolate 
from tomato. Penicilliwm urticae and Aspergillus 
clavatus enhanced the expression of this disease. 

There was excellent correlation between the amount 
of inhibition exhibited in the soil-percolator assays and 
the results obtained in greenhouse trials. 
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The white wines of the Jerez de la Frontera, San- tions of sterility, aeration, and temperature, and if the 
licar de Barrameda, Montilla, and Nova del Rey desirable flavor products would be produced and ace- 


fermentation the wines are left on all, or a considerable formation in shaken suspensions of yeasts in wines. He 
proportion, of the yeast sediment in containers that found that, under aerobic conditions, the cell is able to 


C districts in Spain and of the Chateau Chalon region cumulated. This paper reports some experiments 
; in France are produced by a process which differs sig- which were designed to gain these objectives. The 
4 nificantly from that used in all other European dis- earliest report noted here is that of Fornachon (1953b) 
‘ tricts. In these regions, after the primary alcoholic who made a detailed study of the process of aldehyde 


are not more than 85 per cent full. A film stage of the transfer hydrogen from the reduced coenzyme to molec- 
yeast then develops on the surface of the wine and, ular oxygen by means of the diaphorase-cytochrome- 
after 1 to several years’ growth, imparts a characteris- cytochrome oxidase system. 
tic aldehyde-acetal odor. In many cases, the film re- Another early report of the submerged culture of 
mains on the wine for several years bestowing a special yeasts of this type with wines is that of Ter-Karapetian 
nuance of bouquet to the wine. The characteristic (1953). Employing S. cerevisiae var. ellipsoideus in 
film-yeast or “sherry” odor is due not only to the ac- aerated stirred cultures, he found increases in acetalde- 
cumulation of acetaldehyde and acetal but also to hyde and decreases in volatile acidity and total nitro- 
unidentified substances. Some of these substances gen. Following aeration, he heated the wine under 
appear to be derived from or to follow the autolysis of anaerobic conditions to mature it. The acetal content 
the yeast. The yeast is a true Saccharomyces according increased during this period. Ter-Karapetian admitted 
to Fornachon (1953). In their fermentation charac- that the quality of the wines produced was low, and 
teristics, these yeasts appear identical to Saccharo- he cautioned that the conditions must be carefully 
myces cerevisiae var. ellipsoideus, but they are usually controlled, though his report does not specify precisely 
classified as Saccharomyces beticus or Saccharomyces what the conditions should be. 
fermentati (Rankine, 1955 and Castor and Archer Crowther and Truscott (1955) reported that when 
1957). The process has been described in English by 2 per cent of freshly cultured film yeast was shaken 
Joslyn and Amerine (1941), Cruess (1948), Fornachon with wine for 3 weeks, the wine acquired a film-yeast 
(1953a), and others. flavor. No chemical data were given, but rapid multi- 
Unfortunately, the film process of making a sherry- plication of the yeasts was reported, which we have 
type wine in casks is slow and expensive. The ratio of been able to substantiate. Crowther and Truscott 
surface to volume is most favorable in small containers. (1957) further reported that agitation by pumping 
Butts of about a 140 gal capacity are employed in over in the presence of flor yeast usually resulted in the 
Spain. Even so, it takes 3 or more years for the requi- formation of a flor character. The agitation was ap- 
site flavor to develop in the wine. Furthermore, the parently continuous for periods up to several weeks, 
film grows capriciously: its growth is very subject to but agitation of only 3 or 4 min per hr is also stated 
changes in temperature, and the flavor produced may to be effective. High concentrations of sulfur dioxide 
unaccountably vary from one container to another. were inimical to flor flavor formation. Aldehydes 
This variation in flavor is one reason for the compli- changed in 3 weeks in the 3 wines reported from 69 
cated blending system used in Spain in which the con- to 160, 55 to 70, and 95 to 75 mg per L, respectively. 
tents of many casks are mixed several times during These authors found flor character to be associated 
’ aging. For details of the fractional-blending or solera with accumulation of aldehyde of 100 mg per L or 
system employed, see Baker et al. (1952). more. In our studies, greater accumulations than this 
The production of a film-yeast type wine would be are required if the wine is to have an identifiable “flor” 
greatly facilitated if the film yeast could be induced to character. 
grow in a submerged culture under controlled condi- Fornachon (1953a) found a temperature of 68 F (20 
1 Presented at the 14th General Meeting of the Society for C) to be most favorable for the film stage of these 
Industrial Microbiology, Palo Alto, California, August, 1957. yeasts, with less growth at higher and lower tempera- 
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tures. He also noted that the oxygen content of the air 
above the film had to be maintained for best film 
growth, though 80 per cent air and 20 per cent carbon 
dioxide gave slightly greater aldehyde retention than 
air alone. Fornachon (1953b), by shaking yeast suspen- 
sions in wine, found good aldehyde formation under 
aerobic conditions, but reported acetic acid to accumu- 
late under anaerobic conditions. 


MATERIALS AND Meruops 


Filtered grape juice (must) of the 1954, 1955, and 
1956 vintages stored at 28 F (—2.2 C) was used for 
the fermentations. The yeast was no. 519 of the collec- 
tion of this department. This is a film-forming yeast 
of the Jerez type, originally acquired from Professor 
Hugo Schander! of the Botanische Institut at Geisen- 
heim-am-Rhein. He had isolated it from a Spanish 
sherry. The fermentations were normal. 

The fermentation equipment used was the controlled 
fermentors previously described by Amerine (1953). 
These are two 90-L stainless steel fermentors which can 
be operated at a constant temperature and pressure. 
About 72 L of must were fermented in each. The fer- 
mentors were usually operated at 65, 70, or 80 F, and 
at times they were operated under pressures of 1 to 8 
atm. The gases used were oxygen or carbon dioxide 
from tanks and air from a compressor. The gas was 
filtered through a charcoal column before entering the 
fermentation chamber. The stirrers were stainless steel 
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paddles about 4 in. long. They were operated at 90 


rpm, either continuously or automatically a certain 
number of min per hr. Prior to sampling, the contents 
were mixed by stirring or pumping over. 

In experiments in which alcohol or aldehyde were 
recovered from gases, about 14 gal of neutral buffer 
containing sulfite was introduced into the washing 
column. These solutions were changed and analyzed 
daily. The analytical procedures were those normally 
employed in this laboratory as outlined by Amerine 
(1955). The yeast cell count was made by the direct 
hemacytometer method, using a Levy-Hausser count- 
ing chamber. 


RESULTS AND DISCUSSION 


During the experiment with Thompson Seedless must 
of 1955 vintage in fermentation no. 1, the following 
sequence of treatments was used after the primary or 
alcoholic fermentation: the oxygen pressure was main- 
tained at 4 atm the first 10 days by bleeding in about 
1 L per minute (lpm) of oxygen. Thereafter the pressure 
was brought to 4 atm with oxygen every 2 or 3 days. 
The pressure loss in 3 days usually brought the pressure 
down to about 1 atm so that the wine was at all times 
under a positive oxygen pressure. During the last week, 
oxygen was run in at atmospheric pressure at the rate of 
3 lpm. The temperature was 65 F (18.3 C) until the last. 
3 weeks, when it was successively raised to 70, 75, and 
80 F (22.2, 23.9, and 26.7 C) at 1-week intervals to 


ALCOHOL: Refortification to 14.5% was made periodically. 
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Figure 1. Fermentation no. 1: Changes in yeast count and acetaldehyde content with Thompson seedless must 
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stimulate aldehyde accumulation. In this experiment, 
as shown in figure 1, there was an initial drop in yeast 
count, then an increase, and finally, at the higher tem- 
peratures, a decrease. The acetaldehyde content in- 
creased, then decreased, again increased markedly, and 
finally dropped to a low value. However, the final low 
value is probably due to removal of the acetaldehyde 
by the oxygen flow at 80 F. Periodic analyses were 
made of the various constituents. The data for fermen- 
tation no. 1 are given in table 1. It shows that malic and 
lactic acids were among the carbon sources under these 
conditions. Losses in esters and acetaldehyde (figure 1) 
may have been due to volatilization. Aleohol was prob- 
ably lost for both reasons. The result of this experiment 
was negative as far as aldehyde accumulation was con- 
cerned. Yeast growth was stimulated by stirring but 
decreased at high temperatures. 


TABLE 1 


Composition of Thompson Seedless wine used in fermentation 
no. 1 


| | 
<| Total | Tartaric| Malic | Lactic | Volatile 
Days| ‘acid | Acid | Acid | Acid | Acid | PH 


Neutral Esters 
| mg Ethyl 
| Acetate /L 


| Total | Volatile 


| 

| 
| 


| % | & 

Tartaric | Acetic 

| 0.59 | 0.22 0.21 | 0.17 | 0.117 | 3.3 586 169 
0.58 0.19 | 0.13 | 0.11 0.116 3.6 | 497 | _ 
| 0.57 | 0.24? | 0.07 0.04 | 0.110 | 3.5 | 447 127 


Simultaneously with the experiment described above, 
fermentation no. 2 was operated with another sample 
of the same lot of Thompson Seedless must (figure 2), 
The temperature and stirring conditions were the 
same, but pressure was used for 1 week starting with 
the 43rd day and, during the rest of the experiment, 
oxygen at the rate of 0.1 lpm was bubbled through the 
wine. The changes in acetaldehyde and yeast count 
were similar to those of fermentation no. 1. The yeast 
count decreased, increased, and finally decreased at 
the higher temperatures. The acetaldehyde increased, 
decreased, increased, and then decreased at the higher 
temperatures and rates of gas flow. Malic and lactic 
acids and the esters decreased. The result at the com- 
pletion of this experiment was neg itive for aldehyde 
accumulation. However, the oxygen flow did stimulate 
yeast growth. When the gas flow was stopped, yeast 
growth decreased and, wher restarted, yeast growth 
and the aldehyde content increased. High tempera- 
tures and high rates of oxygen flow retarded yeast 
growth and led to losses in aldehyde. 

The second 1955 experiment was conducted with an 
Aligote must. In this experiment, fermentation no. 3 
was operated under the following conditions: oxygen 
was supplied at 1 lpm until the 44th day when | atm 
of oxygen pressure was applied. The pressure was then 
increased to 4 atm and this was maintained until the 
end. The temperature was 65 to 70 F (18.3 to 22.2 C) 
until the 42nd day when it was 80 F (26.7 C) for 1 
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Figure 2. Fermentation no. 2: Changes in yeast count and acetaldehyde content with Thompson seedless must 
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week and it was then reduced to 68 F (20 C). The 
stirrer was operated 5 min per hr until the 44th day 
when it was used continuously for 5 days; it was then 
reduced to | min per hr until the end of the experi- 
ment. In this experiment, as indicated in figure 3, there 
was a steady decrease in acetaldehyde. All of the loss 
from the 20th to the 44th day could be accounted for 
by the amount recovered in the washing tower. There 
was a distinct decrease in volatile acidity (0.107 to 
0.081 per cent) during the 57 days of the experiment, 
indicating that acetic acid was a carbon source for the 
yeast, which is normal for this type of yeast under 
aerobic conditions. There was also a slight decrease in 
tartaric and malic acids. The total neutral esters in- 
creased. The failure in this experiment was apparently 
due to lack of pressure in the early part of the experi- 
ment and lack of air flow in the last part. Yeast strains 
that accumulate aldehyde did not develop in the fer- 
mentor. 

With the Aligote wine in fermentation no. 4, aerobic 
conditions were maintained for the first 28 days, but 
with only 0.1 lpm of oxygen. The yeast count increased 
during this period, and aldehydes increased slightly. 
Starting on the 28th day, about 99 per cent carbon 
dioxide and 1 per cent oxygen were introduced. This 
caused a rapid rise and then decrease in yeast count. 
The aldehyde content dropped but, when that  re- 
covered in the washer was noted, there was a slight 
formation of aldehyde, as shown in figure 4. There was, 
again, a slight decrease in malic acid and in the volatile 
acidity and an increase in total neutral esters. In this 
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experiment, some aldehyde accumulation occurred and 
yeast growth was successful, but the lack of air in the 
liquid was one factor leading to low aldehyde content 
from the 45th day. Lack of nutrients for continued 
yeast growth may have been another factor. 

In 1956, grape juice of the 1955 vintage (a mixture 
of various varieties) was used for the original fermenta- 
tion (Balling 23.7). Fermentation no. 5 (figure 5) was 
held at 70 F (22.2 C) and 0.1 Ipm of oxygen was intro- 
duced throughout the experiment. The alcohol was 
periodically brought to 14.0 per cent during the test. 
The aldehyde content increased from 52.5 to more than 
200 mg per L. The accumulation was slow and was 
accompanied by decreasing yeast counts. To stimulate 
yeast growth, 50 mg per L of ammonia was added on 
the 17th and 66th days without effect. On the 84th 
day, 1 mg per L of copper and 5 mg of ferrous iron were 
added, also without effect. The wine was then fortified 
to 17 per cent alcohol and stored in wood at 53 F 
(11.7 C). A careful record was kept of the aldehyde 
and alcohol caught in the washing trap in this experi- 
ment. A total of 61 mg per L of aldehyde was recovered. 
Total aldehyde accumulation was thus about 300 mg 
per L. The cumulative alcohol loss amounted to 2.8 per 
cent. Tartaric acid remained constant during the ex- 
periment, but malic acid practically disappeared. Two- 
thirds of the glycerine was lost and lactic acid more 
than doubled. 

The 1955 must fermented in fermentation no. 6 was 
the same as that in fermentation no. 3. The gas flow 
was again 0.1 Ipm and the stirrer was operated con- 
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Figure 3. Fermentation no. 3: Changes in yeast count and acetaldehyde content with Aligote must 
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tinuously at about 90 rpm. The results are shown in 
figure 6. Again there was a rise in acetaldehyde, some- 
what greater than in fermentation no. 5. In addition, 
the yeast population fell off less with stirring than 
without. The same additions of ammonia, copper, and 
iron were made as in the previous experiment. Sur- 
prisingly, the loss in aldehyde and alcohol in the wash- 
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ing tower was slightly less than in the previous experi- 
ment. Again the malic acid practically disappeared, 
lactic acid nearly doubled, and glycerine decreased to 
one-third its original value. These increases in alde- 
hyde and the characteristic “flor” flavor produced were 
very encouraging. 

On the basis of the 1955 and 1956 experiments, it 
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Figure 4. Fermentation no. 4: Changes in yeast count and acetaldehyde content with Aligote must 
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Figure 5. Fermentation no. 5: Changes in yeast count and acetaldehyde content with 1955 vintage must of mixed varieties 
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appeared that the best conditions for suecess would be 
low pressure, intermittent stirring, moderate tempera- 
ture, and continuous but low rate of introduction of 
oxygen. 

On October 31, 1956, Palomino grapes were har- 
vested, crushed, and pressed and placed in fermenta- 
tions no. 7 and 8. To each, 7.55 g per gal of caleium 
sulfate was added and, during the fermentation, 1 
Ipm of oxygen was bubbled through to accelerate the 
fermentation. l'ermentation no. 7 was at 65 F (18.3 C) 
and no. 8 at 75 F (23.9 C), but both fermentations were 
completed in about 9 days. They were then both forti- 
fied to 14.5 per cent alcohol, and 1 Ipm of oxygen was 
bubbled through. 

In fermentation no. 7, 1 lpm of oxygen was intro- 
duced, and the contents were stirred continuously at 
90 rpm. The yeast counts and aldehyde contents are 
shown in figure 7. There was a high initial aldehyde 
content due to (1) the introduction of oxygen during 
the fermentation and (2) the lower temperature of 
fermentation. Some of this aldehyde was lost in the 
first weeks, but later there was an accumulation of 
aldehyde. This latter increase appears to have been 
due to the 100 psig pressure applied from the 25th to 
the 74th day. Thereafter, the treatment was 15 psig 
air pressure and 0.1 Ipm air. From the 80th to 235th 
day, 34 to 69 per cent of the contents was removed on 
11 occasions. Accumulations of aldehyde to more than 
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1000 mg per L occurred during this period. The wine 
added to replenish the content of the fermentation 
varied in aldehyde content from 18 to 98 mg per L. 

The essential features of this experiment which dif- 
ferentiate it from previous studies are the use of high 
pressure (to induce autolysis) and the continuous 
operation under about | atm of pressure with stirring. 
The result has been a rapid and continuous production 
of aldehyde. A temperature of 65 F (18.3 C) has also 
helped to retain the aldehyde produced. The flavor of 
of the wines was recognizable very easily as being of 
the flor sherry type. 

Fermentation no. 8 was the same as fermentation 
no. 7 except that the initial fermentation was con- 
ducted at 75 F (23.9 C) instead of 65 F (18.3 C). The 
high gas rates with no pressure led to initial losses in 
aldehyde. Pressure and slower gas flow gave markedly 
increased aldehyde. Following dilution (on the 48th 
day) there was little accumulation of aldehyde until 
the pressure was released and stirring was started. The 
yeast count and aldehyde content then both increased 
sharply. The results are shown in figure 8. 

In February, 1957, stored grape juice of the 1956 
vintage was fermented in fermentation no. 9. The fer- 
mentation was made at 65 F (18.3 C) with flor yeast 
in 17 days. It was then fortified to 14.5 per cent and 
kept at 15 psig with an air flow of approximately 0.1 
Ipm. The data are given in figure 9. The rate of accu- 
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Figure 6. Fermentation no. 6: Changes in yeast count and acetaldehyde content in experiment performed in 1956 with 1955 vintage 
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mulation of aldehyde was slower than in the previous accumulation. The initial increase and decrease are 
experiment but was continuous from the 29th day. The possibly due to an induction phase and have been 
addition of 40 uw per L of calcium pantothenate on the noted in other experiments. 


82nd day did not stimulate yeast growth or aldehyde Fermentation no. 7 was operated from the 235th 
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Figure 7. Fermentation no. 7: Changes in yeast count and acetaldehyde content with Palomino must 
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Figure 8. Fermentation no. 8: Changes in yeast count and acetaldehyde content with Palomino must 
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day in a continuous manner, 9 of the contents being lished. The results are shown in figure 10. The rate of 
removed each day, and the wine in the fermentor aldehyde production on a continuous basis is higher 
brought back to original volume with white dry wine. for a more prolonged period than that on a batch basis. 
The yeast counts and aldehyde content were taken This may be due to the continuous supply of nu- 
daily. After several days an equilibrium was estab- trients allowing a continuous multiplication of yeast 
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. 9: Changes in yeast count and acetaldehyde content with stored juice of 1956 vintage 
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Figure 10. Fermentation no. 7: Changes in yeast count and acetaldehyde content during operation on a semicontinuous basis 
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cells while also providing sufficient nutrients for the 
yeast metabolism to more rapidly produce aldehydes. 

The products of most of these experiments were 
fortified to 17.5 per cent alcohol and placed in 10-gal 
oak barrels. Taste tests uniformly identified the wines 
as very characteristic of “flor” sherry wines. The high 
aldehyde contents imparted to the wines a very charac- 
teristic flavor and odor. Whether or not such wines 
would find consumer acceptance is not known. Rela- 
tively low-alcohol wines (15 to 17 per cent) of this 
type have received significant consumer acceptance in 
Spain. 
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SUMMARY 


Experiments are reported on the submerged culture 
of a flor-type yeast (Saccharomyces beticus or Sac- 
charomyces fermentati). Various combinations of tem- 
perature, rate of gas flow, pressure, and stirring were 
used to induce yeast growth and aldehyde accumula- 
tion. Aldehyde contents of up to 1000 mg per L oc- 
curred. 

Acetic and malic acids, glycerine, and alcohol are 
carbon sources for the growth of the yeast. The addi- 
tion of ammonia, copper, and iron did not materially 
aid yeast growth. 

The most satisfactory combination of environmental 
factors was application of 100 psig pressure with low 
oxygen flow (0.1 L per min) after the initial fermenta- 
tion. Reduction of the pressure to 15 psig with the 
same rate of flow of gas but using air instead of oxygen 
and intermittent stirring-of the contents (25 see per 
hr) gave excellent yeast growth and aldehyde forma- 


tion. Under these conditions, about 50 per cent of the 
contents could be removed every 2 weeks and the alde- 
hyde content of the product maintained at over 500 
mg per L. 

This process was more successful when conducted on 
a semicontinuous basis. By removing 409 of the con- 
tents daily, the aldehyde build-up over the period of 
the experiment was at least twice as fast as in the batch 
process. 
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Few workers have been concerned with the occur- 
rence of bacteria and fungi within used bedding, 
bedding materials, and upholstered furniture. Such 
organisms may be present in the raw materials, added 
during normal use and storage, multiply under certain 
conditions of humidity, and may be transferred to new 
felt when new and used materials are garnetted. 

Conant ef al. (1935) studied the mold spore popula- 
tions of pillows, mattresses, chairs, davenports, and 
puffs, filled with kapok, hair, feathers, cotton, and 
wool. Rhizopus nigricans was found 32 times; Chaeto- 
mium sp., 19; Aspergillus niger, 9; Aspergillus sp., 7; 
Penicillium sp., 20; Macrosporium sp., 1; and Alter- 
naria sp., 2. Swaebly and Christensen (1952) conducted 
a study of molds and bacteria in house dust, furniture 
stuffing, and the air of homes in the St. Paul and 
Minneapolis area, and reported that used furniture 
and filling materials contained larger numbers of fungi 
than new. Lloyd and Foter (1955; Foter and Lloyd, 
1955), examined bedding which was artificially con- 
taminated with nonsporulating and sporulating bac- 
teria and spores of Aspergillus niger. They reported 
that treatment in a 300 cu ft chamber, with dry heat 
and formaldehyde was no more effective than treat- 
ment with dry heat alone at 230 F for 2'4 hr in killing 
the test organisms on the surfaces of mattresses. Non- 
sporulating organisms were killed while bacterial and 
mold spores were not, and inside the mattresses little 
to no germicidal effect was noted. Wide temperature 
variation inside the test chambers was observed. 

To determine the efficacy of the dry heat treatment 
(230 F for 214 hr) on used mattresses in the process of 
renovating them for reuse, a series of samples was ob- 
tained and portions of these were examined for the 
bacterial and fungal populations present. New and 
used materials before treatment, and materials sub- 
jected to various degrees of dry heat treatment were 
studied. 

The present report is concerned with the identifica- 
tion of saprobic, potentially pathogenic or potentially 
allergenic fungi found in used bedding materials, and 
in the presence and extent of these fungi in untreated 
or heat treated bedding. 


EXPERIMENTAL METHODS 


Sampling. Representative samples were collected 
under aseptic conditions from various mattresses at a 
bedding renovation plant according to a predetermined 
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sampling scheme and returned to Cincinnati for ex- 
amination. The history of use, location of use, number 
of persons using them, and subsequent conditions of 
storage were unknown for all mattresses examined. 
Samples for study of fungi and bacteria were obtained, 
both before and after treatment, by the use of aseptic 
die punches (2 in. in diameter) in the case of ticking, 
and grab samples in the case of felt. 

To determine the numbers and types of fungi pres- 
ent in used mattresses, 60 mattresses were selected 
and, of these, 12 were sampled at random by removing 
a portion of ticking from the periphery and from the 
center of the mattress, and a portion of felt from the 
periphery and from the center of the mattress. Another 
series of mattresses which had been exposed to various 
dry heat treatments was sampled in the same way. 

A second type of sampling was used to study the 
effect of revising the heat treatment, using existing 
equipment, to increase its efficacy without altering the 
physical condition of the regarnetted filler. The mat- 
tresses were disassembled and the fillings regarnetted. 
New material was added te make up any losses in 
weight. The regarnetted eetton fill was mechanically 
cut and rolled into batts. Samples were taken from the 
exterior and interior of 24 batts selected at random. : 
Of these batts, 18 were placed at different levels on 
the heat treatment chamber racks. Samples were col- 
lected from each batt before and after heat treatment 
to gain a better understanding of the efficacy of the 
varying temperatures within a single chamber. Ther- 
mocouple lead wires were attached to both the exterior 
and interior of 6 batts which were placed in different 
areas in the chamber. Lead wires were also placed ad- 
jacent to the chamber thermoregulator. Initial temper- 
ature readings were recorded and subsequent readings 
made at 15-min intervals. 

Methods. Two techniques were used to prepare 
samples for plating. In the preliminary studies, a known 
amount of the sample to be tested was washed or 
shaken in sterile distilled water and dilution plates 
were made from this in duplicate or triplicate. In the 
second, 1 g of the sample, with 99 ml of sterile distilled 
water, was blended in a Waring Blendor at high speed, 
and 3.3 ml portions were distributed among triplicate 
sets of three plates each. 

Plating media for fungi were of two types: (1) rose 
bengal-chlortetracycline agar was used to obtain the 
largest number of fungal species present by inhibiting 
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bacterial growth, without rapid coverage of the plates 
with spreading fungi (Cooke, 1954), and (2) Sabouraud- 
actidione agar was used to inhibit the growth of sap- 
robic fungi and encourage the growth of as many 
pathogenic fungi as possible (Ajello and Getz, 1954). 
Composition of the media is as follows: 


(1) Rose bengal-chlortetracycline agar: 
Glucose 


ug/ml 
mg/ml 
ml 


All plates were incubated at room temperature and 
in the presence of light for 1 week, counted, species 
inventories recorded, and isolations made. After 1 
week exposure at room temperature the agar in the 
plates dried and no further changes occurred in the 
populations. 


RESULTS 


Results of this study are presented in two ways: (1) 
an indication of the numbers of colonies and species of 
fungi present in used untreated and treated mattress 


TABLE 1 
Sources of mattress materials 


Treatment Source 


Unheated Preliminary samples for determina- 
Heated tion of sampling procedure, plat- 
ing techniques and population 
analysis, shaken. 


Unheated Ticking and felt sampled as outlined 
Heated above but dilutions used were 
unusually high for adequate fun- 
gus sampling, shaken. 


Unheated Same as IV and V but with lower 
Heated dilutions, blended. 


Unheated Batts garnetted from several felts 
Heated: out- | after ticking was removed and 
side of batt | before heat treatment, blended. 
Heated: in- | 

side of batt 


materials, and (2) methods of study of fungi in such 
habitats. 

Lists of species of fungi found in the materials tested 
are presented in tables 2 and 3. These tables list only 
those species which made up more than 0.01 and 0.1 per 
cent of the total colonies isolated from the mattress ma- 
terials tested. The species found less frequently are 
listed in appendices to each table. At the bottom of each 
column is presented the total number of colonies isolated 
from a particular set of samples (see next paragraph) 
on which the percentages for each species are based. 
Exposures made at varying temperatures within the 
same treatment chamber are not tabulated separately. 

Sets of samples from which isolations were made 
have been designated in tables 2 to 5 by Roman nu- 
merals. These are identified in table 1. It will be noted 
that in the different platings from the same basic 
samples (sets IV and V, and sets VI and VII) the 
same species were not always obtained in each series. 

Mattresses selected at random for study were placed 
on racks in a 300 cu ft heat treatment chamber and 
thermocouples were attached to the surfaces and in- 
ternal contents of the mattresses to determine the 
temperatures of exposure. At each level, different sur- 
face and internal temperatures were obtained although 
the chamber thermostat was set to deliver an even 
heat throughout the chamber. The higher the mat- 
tresses were placed on the chamber racks the fewer 
colonies of a species developed, although levels of heat 
in the chamber had little effect on the number of 
species. In a sense, this disparity can be interpreted 
as population resistance to the heat treatment although 
it is more likely that heat did not penetrate the batts 
effectively. 

Table 4 gives the number of species and table 5 the 
number of colonies of fungi isolated from untreated 
and heat treated mattress materials on rose bengal- 
chlortetracycline and Sabouraud actidione agars. Fol- 
lowing heat treatment, sets VI-VII (table 1) and 
VIII-IX-X yielded more species on rose bengal-chlor- 
tetracycline agar while treatment appeared to dis- 
courage species in sets I-II and IV-V. Isolations on 
Sabouraud actidione agar indicate that heat treatment 
discouraged certain species in all sets compared. On 
the other hand, numbers of colonies were reduced fol- 
lowing heat treatment by 3 to 50 per cent of the num- 
ber (of colonies) found on untreated materials using 
rose bengal-chlortetracycline agar, and by 2.5 to 20 per 
cent the number of colonies on untreated material using 
Sabouraud actidione agar. 

Several groups of fungi appeared on the isolation 
plates. The saprobic sugar fungi, represented by mem- 
bers of the genera Absidia, Mucor, Rhizopus, and 
Syncephalastrum, usually occur on simple carbohydrate 
substrates. Among the species which are cellulolytic, 
and which thus may cause a breakdown of the materials 


Phytone (or soytone)............. 5.0 g 
g 
Chlortetracycline................. 35.0 ug/ml 
(2) Sabouraud-actidione agar: 
g 
Chiortetracycline................. 350 
Set No. | 
I 
Iv 
Vil | 
VIII 
Ix | 
x | | 
| 


fol- 
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sing 
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ising 
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TABLE 2 
Percentage of colonies isolated on rose bengal-chlortetracycline agar from samples of mattresses 


Mold Species 


Absidia corymbifera............ 0.4 | 0.06 | 0.5 1.0 
0.07 0.4 0.2 1.4 2.8 0.5 
Aspergillus amstelodami........ 0.8 | i Be 27.2 16.0 2.0 3.6 9.3 1.6 
Aspergillus chevalieri........... 0.4 | 6.2 3.6 30:3 | 44.7 9.5 

Aspergillus flavus............... 15 | 0.1 6.7 4.1 

Aspergillus fumigatus........... 8 : 0. 

9 0.1 22.0 5.8 10.0 | 5.0 5.3 14.7 
Aspergillus ochraceous.......... | 0.7 0.03 0.06 0.07 1.0 0.5 
Aspergillus restrictus........... | 38.6 12.3 1.0 0.5 
Aspergillus sydowii............. 4 


Aspergillus terreus 


1.5 
Cephalosporium spp............. 11.5 0.1 0.1 1.6 0.6 6.1 5.3 
Chaetomium globosum........... 0.8 0.02 0.7 6.7 2.2 3.8 7.8 22.8 
Cladosporium cladosporioides. . . 7.8 ‘ 1.4 6.1 6.8 
Cladosporium herbarum......... 0 


Curvularia 2.7 


0.3 
Dematiaceae spp...............- 0.1 0.02 0.04 0.5 2. 0.8 
Epicoccum nigrum.............. 0.1 0.02 0.02 0.07 Le 0.8 
Fusarium aquaeductuum........ 1 


Fusarium oxysporum. .......... 
Fusarium solani 


Mucor plumbeus................ 0.03 1.9 
Myrothecium verrucaria......... | 1.0 
Nigrospora sphaerica........... 4.6 


Paecilomyces varioti 


Penictilinm | 1.2 3.1 
Penicillium chrysogenum........ | 1.0 0.4 0.02 0.1 1.0 
Penicillium funiculosum........ 4.1 0.03 0.02 0.6 

Penicillium martensit........... 


Pestalotia sp 


Pullularia pullulans............ 0.3 6.3 37.4 0.4 15.6 3.5 4.5 
BOD: 0.1 4.2 9.8 1.3 4.8 4.7 13.1 
Rhizopus | 0.02 0.7 3.3 0.8 
Rhodotorula glutinis............ 7.8 | 0.09 11.6 2.0 7.3 11.4 
Stemphylium consortiale........ 4.2 | | | 0.05 | 

Syncephalastrum racemosum. ... | 0.02 0.7 | 13.7 0.5 


Tetracoccosporium paxianum.... 


Trichoderma viride. ............ 


| 3.4 0.4 1.0 0.5 
White yeasts spp... 4.6 29.5 1.4 1.6 8.0 | 0.7 3.0 8.6 0.5 
Total Number of Colonies........ 25,500 | 17,500,000 | 49,000 | 15,700 | 14,550 | 550,000 | 21,500 | 2,000 3,700 


The following species were found less frequently than 0.01 per cent in any of the samples: Acremonium sp., Aspergillus spp., 
A. clavatus, A. fischeri, A. flavipes, A. tamari, A. unguis, A. versicolor, Basidiomycete sp., Botrytis cinerea, B. terrestris, Chae- 
tomium brasiliense, C. funicolum, Choanephora cucurbitarum, Fusarium roseum, Helminthosporium sp., Margarinomyces hetero- 
morphum, Memnoniella echinata, Mucor spp., M. racemosus, Penicillium herquei, P. oxalicum, P. purpureogenum, P. rubrum, P. 
stipitatum, P. variabile, Phialophora sp., Phoma spp., Rhizopus oryzae, R. rhizopodiformis, Scopulariopsis brevicaulis, Sordaria 
sp., Sporotrichum sp., Stachybotrys atra and Trichoderma alba. 


171 


d 
y 
h 
d 
1) 
d. 
1e 
y. 
le 
| 
ed 
sic 
he 
ed 
he 
ur- | | | 
| | 002 | 10 | 
ren 2.0 1.6 
at- Geotrichum candidum........... 0.1 0.3 | 1.8 0.07 0.5 | 0.3 = 
Gliocladium roseum.............| 8.5 | 
ver Moniliaceae spp................| 5.0 | 4.0 | ee 0.8 8.2 4.5 9.0 4.0 
eat | | | 7 

of 0.1 2.0 
ted 
igh 
tts 0.1 | 15.4 | 0.6 | | | 0.6 

the 
ted 
| 
ole Penicillium ochro-chloron....... | 3.2 | 6.6 | 
and Penicillium thomii.............. | 0.1 14.1 | 
lor- Penicillium velutinum.......... | 0.01 | 2.0 
dis- [| 3.8 | 
on 
rent 

On 

= 


172 W. B. COOKE AND M. J. FOTER 


composing the mattresses under proper climatic and 
storage conditions, are: Alternaria tenuis, Aspergillus 
fumigatus, Chaetomium globosum, Cladosporium clado- 
sporioides, C. herbarum, Curvularia lunata, Fusarium 
oxysporum, F. solani, Myrothecium verrucaria, Stem- 
phylliium consortiale, and Trichoderma viride. Among 
these fungi, and in the lists in tables 2 and 3, are 
species whose spores cause allergies if inhaled in large 


TABLE 3 


Percentage of colonies isolated on Sabouraud-actidione agar 
from samples 


Sample Set Number ................. IV | VI Vv | Vit | x | xX 
Number of Samples Tested .......... 12 | 12 | 21 27 


Mold Species 


Alternaria tenuis......... | 0.6, 
Aspergillus amstelodami... 0.1) (15.0, | 
Aspergillus flavipes....... 0.4 
Aspergillus fumigatus..... 0.1 | 
Aspergillus niger......... 4.5 
Aspergillus sydowii....... 0.3) 0.4 | 5.0 | 
Aspergillus tamari........ | 1:3 | 1.7 
Aspergillus versicolor ..... 20.0) | 4.2 14 
Cephalosporium spp....... 20.0, | 8.8 35.1 
Cladosporium cladospo- | | | i | 
| 
Dematiaceae spp.......... 20.0, 


| 
Endomyces sp.. 
Memnoniella echinata. | | 2.9 
Moniliaceae spp.......... | 2.0) 4.2) 
Paecilomyces varioti...... 0.3,19.8 


Penicillium spp.. : 0.7) 5.1 
Penicillium 20.0 0.2 
Penicillium lilacinum..... | 0.1) 

Penicillium ochro-chloron.. | 1.0 26.3 
Penicillium rubrum....... 20.0, 


Penicillium thomii....... 100.0 | 
Penicillium variabile..... 2.5) 
Pullularia pullulans...... | 1.7 | 
Rhizopus spp............. | | 3.2)12.4 

Rhodotorula glutinis...... (17.1 


Sporotrichum schenckii. . . 
Stachybotrys atra......... 
Syncephalastrum racemo- 


Tritirhacium album....... 


1 


Total number of colonies. . ./500 7900 2400 100 1650, 60 875 


The following molds were obtained in amounts less than 
0.1 per cent of the total colonies in any one sample: Acre- 
monium sp., Ascomycete sp., Aspergillus flavus, A. nidulans, 
A. ochraceous, A. restrictus, A. terreus, A. ustus, Haplo- 
graphium sp., Mucor plumbeus, Penicillium janthinellum, P. 
martensii, P. pallidum, P. purpureogenum, Rhizopus rhizopo- 
diformis, Sporotrichum laxum, Stysanus stemonitis, White 
yeasts spp. 
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numbers. The better known of these include Alternaria 
tenuis, Aspergillus fumigatus, A. niger, as well as other 
species of Aspergillus and some of Penicillium. Among 
those molds whose spores are common members of air 
populations are Alternaria tenuis, Cladosporium clado- 
sporioides and Epicoccum nigrum. The dry-spored 
molds are also found commonly in the air and a number 
of species other than those listed here have been impli- 
‘ated in allergies. Many of these species have been 
found in various types of household dusts. 

It is interesting that in some of the samples large 
numbers of yeast colonies were found. These have not 
been studied to determine if they include one or more 
potential pathogens. 

Among the group of species listed are fungi which 
may be associated with seeds in storage and during 
germination. These may represent species whose dis- 
seminules are able to survive on materials in storage 
and germinate when favorable conditions occur. 

On Sabouraud actidione agar, many species were 
isolated which fall into the groups mentioned above. 
Several colonies of a fungus which is morphologically 
identical with Sporotrichum schencki, a potential path- 
ogen, have been isolated from untreated and heat 
treated batts of felt. The untreated sample came from 
the surface of a batt of regarnetted felt. The sample of 


TABLE 4 
Numbers of species of fungi isolated from used mattress materials 
| Species 
Set Faia ll Rose Bengal agar Sabouraud agar 
Untreated | Treated | Untreated| Treated 
3 | 2 | 9 | 
IV,V 12 | 43 | 2 5 1 
VI, VII 12 | 41 | 45 22 12 
VIII, X (inside) ne | 36 19 4 
1X (outside) "i = 32 — 14 
| | 
Total.......... | s | 6 | 6 | 37 | 2 
* N.S. = Not sampled. 
TABLE 5 
Estimated total fungus colonies isolated from used mattress 
materials 
Colonies 
Set Rose Bengal agar Sabouraud agar 
Untreated Treated Pe Treated 
I, Ul 2 25,500 | 14,550 | N.S.*| N.S.* 
IV, V 12 |17,468,660 |550,000 500 | 100 
VI, VII 12 48,780 | 21,440 | 7,920 | 1650 
VIII, X (inside) 21 15,738 | 2,035 | 2,375 60 
IX (outside) 21 _— 3,670 | — 575 
45 (17,588,678 |591,695 |10,795 | 2385 


| 1.7 
: | | 3.4 
(22.5,28.6) 6.0 
148.7 
| | | 
| 
| 
3.4 
| 1.7 
| 5.1 | 
| 1.0 
|_| 
| 
: | 
* NS. = Not sampled. 
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treated felt came from the inside of a regarnetted felt 
batt. It is not possible to decide whether the fibers on 
which the spores of this fungus were found came from 
a position adjacent to the ticking or from the inside of 
a mattress pad. Other fungi potentially pathogenic for 
man, producing pneumonialike disorders upon inhaling 
spores (Conant et al., 1954), which were isolated from 
the mattresses were Aspergillus fumigatus and Geo- 
trichum candidum, the latter being a relatively normal 
inhabitant of the respiratory tract of man. 

The small number of samples of new mattress ma- 
terials which were tested indicate that fungal con- 
taminants are present on such materials in considerable 
numbers. Studies of multiple control samples are neces- 
sary to judge the number of spores or kinds of fungi 
represented on new materials. 


DISCUSSION 


In a study on the ability of mold spores to germinate 
at various humidities, Snow (1949) showed that species 
such as those which have been isolated in this series of 
tests (tables 2 and 3) could germinate at controlled 
humidities from 100 per cent to as low as 65 per cent. 
Several species of Aspergillus, including strains of 
species isolated from these materials, could germinate 
at humidities between 65 and 75 per cent. 

Since the materials under study were known to have 
been made of cotton, the fungi present could be as- 
sumed to be of two types: (1) those using cellulose and 
its degradation products as nutrients and (2) those 
brought to the habitat by air currents and contact with 
various objects during storage and use. Should humidi- 
ties become high enough, or should the mattress be- 
come damp or water soaked, certain species could be 
assumed to grow and reproduce in the habitat. All the 
species of the group which can use cellulose seem to be 
able to grow and reproduce in the habitat under proper 
environmental conditions. 

In a heterogenous population of fungi such as the 
one encountered here, many species can germinate at 
relatively low humidities, utilize the cellulose and the 
various impurities, and leave by-products for addi- 
tional species to use. Some of these secondary invaders, 
as well as the primary contaminants, can be of im- 
portance to man as pathogens and allergens. 

From the evidence presented by the isolation of 
fungi from these materials, definite need is indicated 
for improvement in treatment of mattress materials 
being reconditioned for further use as bedding com- 
ponents. Because of the poor germicidal efficiency of 


dry heat, other methods such as gaseous disinfection 
should be considered for this process. 


ACKNOWLEDGMENTS 


The study was conducted under the direction of 
Milton J. Foter, Chairman of Subcommittee L-12, 
Development and/or Standardization of Methods for 
the Sterilization of Bedding, Bedding Materials and 
Upholstered Furniture, American Standards Associa- 
tion, Inc. We wish to acknowledge the technical as- 
sistance of Robert 8. Lloyd, secretary of the subcom- 
mittee, and Robert Angelotti, Elizabeth Wilson, and 
David Brown, Robert A. Taft Sanitary Engineering 
Center, Public Health Service. 


SUMMARY 


Relatively large numbers of fungal species, repre- 
sented by large numbers of spores, are present in mat- 
tress materials following removal of the mattress from 
storage, after heat treatment, and preceding renova- 
tion in which used materials are employed. 

Dry heat treatment for sterilizing bedding materials 
being reconditioned for re-use is inadequate for the 
reduction of potential fungal activity. Species of fungi 
responsible for degradation of cellulose or able to 
cause allergies or pathogenicity in man have been 
found following dry heat treatment of such materials. 
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Though Penicillium roqueforti is of great economic 
importance, its nutritional requirements and physiol- 
ogy have received scant attention. In physiological 
studies, a chemically defined medium capable of sup- 
porting the growth of large amounts of mycelium would 
be an obvious advantage. 

In a study of the esterase and protease of P. roque- 


forti, Naylor et al. (1930) modified the medium of 


Czapek by substituting ammonium chloride for sodium 
nitrate. They found that optimum growth, under their 
conditions, occurred at an initial pH of 4.5. Thibodeau 
and Macy (1942) also concluded that ammonium and 
organic nitrogen were better nitrogen sources than 
salts of nitrate and the initial pH of the medium, when 
adjusted between 4.0 and 7.5, had no effect on the 
growth of the mold; they did not report the amount 
of growth quantitatively. Gottlieb (1946) found that 
P. roqueforti was able to use amino acids as the sole 
carbon source when incorporated into Richard’s me- 
dium; but here, too, no quantitative data on mycelial * 
yield were given. 

This paper describes the formulation of a chemically 
defined medium for the submerged growth of P. roque- 
forti. It was devised to obtain relatively large yields of 
mycelium for further physiological studies of this or- 
ganism. 


EXPERIMENTAL METHODS 


Penicillium roqueforti Minnesota strain P 108-2 was 
used throughout this study. Stock cultures were main- 
tained in soil at room temperature (Greene and Fred, 
1934). The spore inoculum consisted of a thrice washed 
spore suspension prepared from 4-day-old V-8 agar 
slant cultures. The V-8 agar slants were prepared by 
mixing and slanting equal quantities of sterile V-8 
vegetable juice and 3 per cent agar in sterile 6-oz pre- 
scription bottles. The suspensions were standardized 
by hemocytometer counts to provide 15 X 10° spores 
per ml. Then 0.5 ml of the standardized spore suspen- 
sion was inoculated into 50 ml of medium, contained 
in 300-ml Erlenmeyer flasks. Cultures were grown at 
25 C in submerged culture on a rotary shaker (at 325 
times per min and describing a radius of !4 in.). At the 


1 Published with the permission of the Director of the Wis- 
consin Agricultural Experiment Station. This work was sup- 
ported in part by a grant from the National Science Founda- 
tion (NSF G-3359). 
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end of the growth period, which was 3 days for all 
media containing Difeo Casamino Acids or corn steep 
liquor, and 5 days for all other media, the entire cul- 
ture was harvested and washed by filtering through a 
tared, asbestos-lined Gooch crucible. The crucibles 
containing the washed mycelia were dried at 85 to 90 
C for 48 hr and weighed. The average weight of 3 
replicates was used. 

The nonsynthetic control medium consisted of 4 per 
cent corn steep liquor (50 per cent solids) and 3 per 
cent sucrose. The synthetic media were modifications 
of Czapek-Dox medium, the modifications are noted at 
the appropriate place. 

For determination of total and ammonia nitrogen in 
the culture filtrates, the filtrate and washings were 
combined and made up to a standard volume. Total 
nitrogen was measured by conventional semimicro 
Kjeldahl digestion and steam distillation techniaues, 
followed by titration with standardized sulfuric acid. 
Ammonia was also determined by steam distillation 
and subsequent titration, but without prior digestion 
of the sample. Organic nitrogen was calculated as total 
nitrogen minus ammonia nitrogen. 

All chemicals used in this study were of reagent 
grade purity, with the exception of oleic acid. The oleic 
acid was obtained from Nutritional Biochemical Cor- 
poration, and was of unknown purity. 

All glassware was washed with detergent solution 
and rinsed thoroughly with tap water followed by dis- 
tilled water. 


RESULTS 


The influence of the initial pH of the medium on the 
total yield of mycelium was studied in the corn steep- 
sucrose medium. Aliquots of this medium were ad- 
justed with either HCl or NaOH to pH 3, 4, 5, 7, and 
9 before sterilization. The cultures were inoculated, 
grown, and harvested as previously described. An 
initial pH of 4 gave the maximum yield of mycelium, 
with almost as good yields over the range of pH 4 to 7. 
Therefore, an initial pH of 4 was chosen for subsequent 
work; later experiments with the synthetic media sub- 
stantiated this choice. 

Thibodeau and Macy’s observation (1942) that nitrate 
nitrogen was very poor for the growth of this organism 
was confirmed. Good growth was obtained when vary- 
ing amounts of Difeo Casamino Acids (acid hydrolyzed 
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casein, 10 per cent nitrogen) were substituted for so- 
dium nitrate in Czapek-Dox medium; optimum yields 
of 824 mg dry weight mycelium per flask were obtained 
with a concentration equivalent to 2 g nitrogen per L 
of medium at pH 4.0. In all later experiments, the 
nitrogen source was added to the medium so as to 
furnish 2.0 g of nitrogen per L, unless otherwise noted. 
When the initial pH of the media containing defined 
nitrogen sources was adjusted to 6, growth in all in- 
stances Was poor, averaging approximately 110 mg dry 
weight mycelium per flask regardless of the levels of 
nitrogen. 

Since the ferrous sulfate was not completely in solu- 
tion, even at pH 4, it was believed that the nonavaila- 
bility of the iron might account for the poor growth at 
pH 6. To test this hypothesis, iron was added as the 
iron chelate? at an initial pH of 4 and 6. The medium 
with the iron chelate was clear after autoclaving; the 
control flasks with the ferrous sulfate were slightly 
turbid. The results of this experiment were similar to 
the one previously described: at an initial pH of 4 with 
the iron as the chelate and as the sulfate, approximately 
500 mg dry weight per flask was obtained, whereas 
approximately 150 mg dry weight was obtained with 
both chelate and sulfate iron at pH 6. Also, when the 
iron was complexed with ammonium tartrate, there 
was poor growth at pH 6 and good growth at pH 4. 

The addition of a mixture of known metals to the 
modified Czapek-Dox medium increased the total 
yield of mycelium. The mineral supplement was made 
up as follows: CuCl, 15.5 mg; ZnSOy-7H2O, 175.6 
mg; MnCl,-4H.O, 36.0 mg; CaCl.-2H.O, 183.4 mg; 
(NH4)sMo;Oo4-4H2O, 10.2 mg; all were dissolved in 


* Sequestrene NaFe (13 per cent iron), Alrose Chemical Co., 
Providence, Rhode Island. 
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Figure 1. The effect of minerals on total mycelial yield 
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HCl and made up to 100 ml with distilled water. One 
ml of this solution was added per L of medium. The 
effect of iron and the mineral supplement are shown in 
figure 1. Doubling of the concentration of the mineral 
solution caused no further increase in total yield, 
neither did the addition of varying amounts of corn 
steep liquor ash. Experiments to determine if any one 
of the metals of the mineral solution was responsible 
for the stimulation in growth proved inconclusive. The 
medium was therefore supplemented with 50 mg per L 
of FeSO,-7H2O and 1 ml per L of the mineral solution. 

In an effort to replace the Difco Casamino Acids 
with defined nitrogen sources, a series of ammonium 
salts and amino acids were added singly to the modified 
basal medium in amounts calculated to give 2 g nitro- 
gen per L of medium for the ammonium salts, and 1 g 
per L of amino acid nitrogen. When pt-amino acids 
were used, the concentration was doubled. Of the 
amino acids, alanine proved to be an excellent source 
of nitrogen for the organism (table 1). To determine if 
small amounts of amino nitrogen in combination with 
ammonium sulfate would be better than either one 
alone, varying combinations of alanine and ammonium 
sulfate were added to the medium so that the final 
concentration of nitrogen was 1 g per L. The contribu- 
tion of pL-alanine was calculated on the basis of the i 
isomer. Table 2 shows the effect of these additions and 
indicates that even small amounts of alanine greatly 
stimulate growth. However, ammonium sulfate added 
in a concentration calculated to furnish 2 g nitrogen 
per L was chosen as the nitrogen source in subsequent 


TABLE 1 


The ability of various nitrogen sources to support growth of 
Penicillium roqueforti in the basal medium* 


N Source | Concentration | De Wane 


gN/L mg/50 ml 
Corn steep (control)............... ? 1086 


* Basal medium (per L): Sucrose, 30 g; K2:HPO,, 1.0 g; 
MgS0O,-7H:0, 0.5 g; KCI, 0.5 g; FeSO,-7H.O, 0.05 g; mineral 
solution, 1 ml. 

+ Calculated as the L isomer for pL-amino acids. 
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experiments, as it was deemed desirable to have cells 
grown on inorganic nitrogen for metabolic studies. 
The medium now included the following: 


Mineral supplement:................... 1.00 ml/L 
(NH,)sMo7O2,-4H20................. 10.2 mg 


A vitamin mixture of the following composition was 
added (per L): thiamin HCl, 200 yg; riboflavin, 100 
ug; Vitamin B6 HCl, 200 yg; niacin, 200 ug; biotin, 0.2 
ug; calcium pantothenate, 200 wg, and inositol, 1000 
ug. No stimulation of growth was observed. 

Next, fatty acids were tested and only acetic and 
oleic acids were found to be stimulatory. The stimula- 
tion by acetic acid at pH 4.0 and 6.0 is shown in figure 
2; in subsequent work, 0.2 per cent anhydrous sodium 
acetate was added to the medium. Stimulation by oleic 
acid was somewhat complicated. An increase in dry 
weight was noted with increasing amounts of oleic 
acid, but at high levels, unassimilated acid was ob- 
served in the medium at the time of harvesting. Thus, 
the question arose as to how much of the increase in 
dry weight was caused by mechanical coating of the 
cells with unassimilated oleic acid and how much was 
caused by assimilation and increased growth. To answer 
this question, cultures were grown in medium with 1, 
0.2, and 0.02 per cent oleic acid added; controls were 
the synthetic medium without oleic acid and corn 
steep-sucrose medium. After the cells were harvested, 
dried and weighed, they were placed in a Soxhlet ex- 


TABLE 2 


The ability of alanine and ammonium sulfate in combination 
to support growth of Penicillium roqueforti in the basal 


medium* 
g/L g/L mg/50 ml 
1.00 0.00 | 505 
0.59 0.50 458 
0.25 0.75 487 
0.13 0.87 451 
0.00 1.00 | 255 


* Basal medium (per L): Sucrose, 30 g; KsHPO,, 1.0 g; 
MgSO,-7H:20, 0.5 g; KCl, 0.5 g; FeSO,-7H2O, 0.05 g; mineral 
solution, 1 ml. 

+ Calculated as the L-isomer. 
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traction apparatus and continuously extracted with 
ether for 48 hr to remove oleic acid and other ether 
extractable material. Previous experience showed that 
mycelium grown by submerged culture contains little 
or no ether soluble material. After extraction, the cells 
were dried and weighed. The results show that 0.02 per 
cent oleic acid increases growth about 40 per cent and 
does not contribute to the ether extractable material, 
so 0.2 per cent oleic acid was hereafter added to the 
medium (table 3). 

For certain microorganisms, the stimulatory effect of 
oleic acid often can be replaced by biotin (Nieman, 
1954), but biotin from 100 wg per L to 0.001 ug per L 


500 4 


INITIAL pH 6.0 


MG MYCELIUM/50 ML 


a | INITIAL pH 40 


G/L SODIUM ACETATE 


Figure 2. Effect of sodium acetate on total mycelial yield 


TABLE 3 
Effect of ether extraction on the dry weight of mycelium grown 
in varying concentrations of oleic acid 


Mycelium Dry Weight 


Oleic Acid 
| Before extraction | After extraction 
% | mg/50 m! mg/50 ml 
1.00 730 484 
0.20 | 491 481 
0.02 433 431 
0.00 | 300 302 
Corn steep-sucrose 1117 1105 
800 5 
WITH OLEIC ACID 
_, 7004 
= 
600 - 
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= 
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Figure 3. Effect of sodium lactate on total mycelial yield 
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in the medium lacking in oleic acid gave no increase in 
mycelium. Medium with the 0.2 per cent oleic acid 
supplement, however, produced 1.5 times as much 
mycelium as the medium with and without biotin. 

Sodium lactate was added to the medium with and 
without 0.2 per cent oleic acid in an attempt to keep 
the pH near 4 during growth. Figure 3 shows that so- 
dium lactate was stimulatory although it did not pre- 
vent a decrease in pH and that 0.2 per cent oleic acid 
again increased the amount of growth. 

The synthetic medium finally adopted is shown in 
table 4. This medium consistently yielded 650 to 700 
mg dry mycelium per 50 ml, whereas corn steep-sucrose 
yielded 1 g per 50 ml (figure 4). The pH was adjusted 
to 4.0 with HCl before sterilization. Under the condi- 
tions of growth, the pH decreased to 2.5 after 3 days 


TABLE 4 


Composition of the synthetic medium adopted for the growth 
of Penicillium roqueforti 


Component | Concentration 
| 9.43 g/L 
| 1.00 g/L 
Sodium acetate. ................... | 2.00 g/L 
Mineral | 1.00 ml/L 


100.0 ml 
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° 
800 
5 
> 600 - 
2 SYNTHETIC MEDIUM 
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Figure 4. Growth of Penicillium roqueforti on the completed 


synthetic medium compared to growth on corn steep-sucrose 
medium, 


of incubation and to pH 2 after 5 days. Adjustment of 
the pH to 4 twice daily during the growth period did 
not result in larger yields of mycelium. 

The appearance of extracellular organic nitrogen 
when filamentous fungi are grown on an inorganic ni- 
trogen source has been reported (Morton and Broad- 
bent, 1955; Richards and Haskins, 1957). The results 
of several attempts to demonstrate such excretion are 
summarized in figure 5. Mortorr and Broadbent (1955) 
reported that the amount of this excreted nitrogen 
varied inversely with the concentration of trace metals. 
In our experiments, decrease in concentration of or 
omission of the mineral supplement, decrease in con- 
centration of or omission of the ferrous sulfate, or 
omission of both mineral supplement and ferrous sul- 
fate produced no measurable difference in the amount 
of extracellular organic nitrogen. 


DIscussION 


Naylor et al. (1930) and Thibodeau and Macy 
(1942) recognized the unsuitability of nitrate nitrogen 
for the growth of P. roqueforti. Gottlieb (1946), how- 
ever, used nitrate nitrogen in his medium but also in- 
cluded an amino acid as a carbon source. Our results 
suggest that the amino acid in Gottlieb’s medium 
could have supplied the nitrogen as well as the carbon 
needed by the organism. P. roqueforti grows well with 
ammonium nitrogen or organic nitrogen, but ammo- 
nium nitrogen was included in the medium finally se- 
lected because of its desirability in the studies on 
nitrogen excretion. 

In all studies in which the initial pH was adjusted 
to 6, the growth was extremely poor and quite often 
the pellets of mycelium were odd in form. No clue as 
to the factor(s) limiting growth at pH 6 has been 
found. When the pH was adjusted initially to 4, the 
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Figure 5. Excretion of extracellular nitrogen during growth 
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mycelium developed rapidly and uniformly throughout 
the medium. The pH of the medium at the end of the 
growth period had decreased to about 2 which might 
limit growth; however, from experiments in which the 
pH was adjusted daily it appears that the limitation, 
if any, was very small. Nevertheless, the somewhat 
better growth obtained in corn steep-sucrose medium 
may be due to the better buffering capacity and main- 
tenance of the pH at about 4. The use of urea or am- 
monium tartrate in place of ammonium sulfate avoided 
the decrease in pH; however, when these substances 
were used, intense sporulation occurred and the yield 
of mycelium was lowered. 

As with many other molds, pH control during sub- 
merged growth of P. roqueforti is a problem. Especially 
is this true where acetate is a good carbon source, since 
at low pH the free acetic acid is very toxic (figure 2). 

Oleic acid, in the concentration used, might be used 
for syntheses and energy as well as a growth factor. 
The stimulatory effect could not be replaced by biotin, 
nor by any of several other vitamins tested. This, how- 
ever, does not rule out the possibility that oleic acid is 
playing the role of a vitamin-like factor, though the 
concentration required for growth stimulation makes it 
unlikely. It is interesting that the amount of ether 
extractable material in the mycelium, both with and 
without oleic acid, is very low. 


SUMMARY 


A synthetic medium has been developed for the 
submerged growth of Penicillium roqueforti. This 
medium is capable of giving yields of approximately 


13 to 14 mg dry weight mycelium per ml of medium. 
Ammonium and amino acid nitrogen are good nitrogen 
sources for the organism, whereas nitrate nitrogen is 
not. Trace metals, sodium acetate, sodium lactate and 
oleic acid increase the total yield of mycelium. Vita- 
mins had no effect upon the total yield of mycelium. 
For optimum growth the initial pH of the medium was 
adjusted to 4; during growth the pH decreased to 2. 

Negligible amounts of soluble organic nitrogen were 
found in the growth medium during the period of 
growth. Varying the concentration of the mineral sup- 
plement did not increase the amount of soluble extra- 
cellular nitrogen. 
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The importance of the lyophil process for the preser- 
vation of cultures is increasingly recognized, and at 
present the method is in vogue in many laboratories 
dealing with a large number of microorganisms. As 
developed by Wickerham and Andreasen (1942) in 
their work with yeasts and as first applied to the 
filamentous fungi by Raper and Alexander (1945), the 
method represents an invaluable means of conserving 
the viability and characteristics of such fungi. Al- 
though the procedure has not been found to be satis- 
factory for the preservation of all molds, it is con- 
sidered an excellent means of preserving many groups 
of fungi, including the aspergilli and penicillia. Tests 
have been made in this laboratory at periods of 114 and 
2 years (Raper and Alexander, 1945) and of 5 to 7 
years (Fennell et al., 1950) on certain aspergilli and 
penicillia and other fungi, and each time excellent 
viability has been reported for the majority of the 
species tested. The present investigation was made to 
determine the viability and morphological stability of 
the representative strains after a further lapse of time 
and thus to provide additional evidence of the applica- 
bility of the lyophil process to the long-term conserva- 
tion of these fungi. The strains are from almost every 
species and variety of Aspergillus (78 in number) and 
Penicillium (140 in number), the majority of which 
had been lyophilized in this laboratory nearly 15 years 
ago. All of the lyophilized cultures examined were 
originally prepared by Raper and Fennell. 


MaTERIAL AND Metruops 


During the year 1942, almost all of the available 
type species and strains of aspergilli and penicillia 
were lyophilized by the method developed by Wicker- 
ham and Andreasen (1942). From time to time other 
cultures of type species were obtained from different 


' The nomenclature of Thom and Raper (1945) and of Raper 
and Thom (1949) is used in this paper for uniformity and con- 
venience. In addition, the generic name for the perfect state 
has been assigned in accordance with the International Rules 
of Botanical Nomenclature. 

* Present address: Botany Department, University of Alla- 
habad, India. 

‘In charge of Culture Collection Unit at Northern Regional 
Research Laboratory. 


Further Evaluation of the Lyophil Process for the 
Preservation of Aspergilli and Penicillia’ 


B.S. Menrotra? anp C. W. HESSELTINE? 


Northern Utilization Research and Development Division, Agricultural Research Service, U. S. Department of Agriculture, 
Peoria, Illinois 


Received for publication October 14, 1957 


sources and lyophilized by this process and stored as 
usual in a refrigerator at 5 to 6 C. 

In the present study, lyophil tubes representing 
strains of each species or variety of Aspergillus and 
Penicillium were opened and each pellet of the fungus 
spores was dissolved in a few ml of 2 per cent malt 
extract. For the aspergilli, the resulting spore suspen- 
sion was surface streaked on 3 Petri dishes of Czapek’s 
solution agar except for the Aspergillus glaucus group. 
Members of the latter group were streaked on Czapek’s 
solution agar with 20 per cent sucrose instead of the 
usual 3 per cent sucrose. In the case of penicillia, the 
spore suspension was streaked in 3 Petri dishes con- 
taining, respectively, 1 of the following 3 media: 
namely, Czapek’s solution agar, malt-extract agar, or 
steep agar. Usually the plate cultures were incubated 
at 25 C and examined for viability after 4 days. How- 
ever, slow-growing species or those requiring lower and 
higher temperatures for normal growth were handled 
according to the special requirement of the species. 
For example, Aspergillus medius Meiss. and Aspergillus 
carnoyi (Biourge) Thom and Raper were incubated at 
their optimum temperature of 20 C, whereas the ther- 
mophilie species Penicillum duponti Griffon and Maubl. 
emend. Emerson was incubated at 42 C. 

The morphological stability of cultures obtained 
from lyophil preparations was ascertained by macro- 
scopic and microscopic examination. In many eases, 
comparisons were made with cultures maintained in 
this laboratory by periodic transfer on agar slants. 
When no growth occurred from the first lyophil tube, 
a second or even a third lyophil preparation was 
opened. The same method of rating cultures for viabil- 
ity was employed as used by Raper and Alexander 
(1945) and later followed by Fennell et al. (1950). In 
instances where different degrees of viability were re- 
corded for different media, the results from the medium 
showing maximum viability were included in the table. 
For example, in the case of Penicillium striatum Raper 
and Fennell, viability results with malt agar have been 
considered normal, since that is the most suitable 
medium for the fungus as compared to the other two 
media tried, and the viability on these different media 
can be rated as ++ (or fair) on malt agar and + (or 
poor) on Czapek’s solution agar and steep agar. 
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B. 8S. MEHROTRA AND C. W. HESSELTINE 


RESULTS AND DISCUSSION 


The results are tabulated in tables 1 and 2. All the 
species of Aspergillus tested were found to be viable; 
indeed, 82 per cent were given a +4 rating. Three cul- 
tures, namely Aspergillus nidulans var. latus Thom 
and Raper, A. caespitosus Raper and Thom, and 
A. citrisporus von Héhnel, had not survived continu- 
ous cultivation in agar slants by the conventional 
method. The majority of lyophil preparations of peni- 
cillia also showed excellent viability and only 2 out of 
the 140 species tested did not survive, namely P. ehr- 
lichii Klebahn and P. lanosum Westling. The former 
was lyophilized nearly 15 years and the latter nearly 
10 years ago. To ascertain whether these species can 
stand lyophilization or not, they were freshly lyophil- 
ized from agar slant cultures and their viability was 
tested the next day. Both of them showed excellent 
viability, proving that they can withstand lyophiliza- 
tion very well. There appears to be no reason why the 
lyophil preparations of these species should not be 
able to undergo storage for a considerable time, as do 
other species. It is possible that the early preparations 
were made from poorly sporulating cultures or that 
the lyophilizing apparatus was performed at less than 
optimum efficiency. 

The ‘fair’? amount of viability reported for a few 
species probably can be ascribed to one of the follow- 
ing: (1) the low spore content of the suspension, (2) 
the unsuitability of the culture medium and of the 
temperature of incubation. Even a fair amount of 
growth can be considered sufficient for obtaining fresh 
cultures from the lyophil preparations. 

Microscopic and macroscopic examinations of cul- 
tures gave conclusive evidence of the retention in lyo- 
phil of the main morphological characteristics used in 
the taxonomy of these organisms. In certain instances, 
lyophilized cultures were superior in this regard to 
cultures maintained by periodic transfer on agar slants 
for the same period of years. For example, A. giganteus, 
distinguished from A. clavatus largely by its extremely 
long, coarse conidiophores, developed longer conidio- 
phores in greater abundance in cultures derived from 
lyophil preparations than in those from agar slants 
(figure 1). This habit was found to persist even after 
several serial transfers. 

The lyophil method for the conservation of fungi in 
general has already been discussed in detail by Raper 
and Alexander (1945), Raper and Thom (1949), and 
Fennell et al. (1950). Regarding the utility of this 
method for the preservation of aspergilli and penicillia, 
there is no doubt that it is the most useful method 
known. The main advantages of the method may be 
enumerated again as: (1) the long period of carefree 
storage of the cultures, (2) no possible contamination 


TABLE 


1 
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Viability of lyophilized preparations of Aspergilli 
(Species listed as found in A Manual of the Aspergilli, 
Thom and Raper, 1945) 


Date 
Processed 


| Approx Age 


Aspergillus clavatus Desm 

A. giganteus Wehmer............ 

A. repens (Cda.) De Bary (Euro- 
tium repens De Bary) 

A. dierckxii Biourge (Eurotium 
repens De Bary) 

A. pseudoglaucus Bloch 


A. ruber (Spieck. and Brem.) | 
Thom and Church (Eurotium | 


rubrum Spieck. and Brem.). ... 
A. chevalieri (Mangin) Thom 
and Chureh (Eurotium 
chevalieri Mangin) 
A. chevalieri var. intermedius 
Thom and Raper... 
A. amstelodami (Mangin) Thom 


and Church (Eurotium amste- | 


lodami Mangin) 
A. montevidensis 
MacKinnon 


A. mangini Thom and Raper.... 
A. umbrosus Bain. and Sart.....| 


A. echinulatus (Delaer.) Thom 


and Chureh (Eurotium echinu- | 
(Eurotium | 

medius Meiss.)................ | 
A. carnoyi (Biourge) Thom and 


A. medius Meiss. 


Raper (Eurotium carnoyt 


(Thom and Raper) Benjamin). .| 


A. niveo-glaucus Thom and 
Raper 

gracilis Bainier 

conicus Bloch 


A 


1. 

1. penicilloides Speg 
1. ttaconicus Winoshita 
1. 


fischeri Wehmer (Sartorya 
A. nidulans (EKidam) Wint. 
(Emericella nidulans (Eidam) 
A. nidulans mut. alba Yuill 
A. nidulans var. 
and Raper 
A. quadrilineatus 


(Thom and Raper) Benjamin). . 


A. rugulosus Thom and Raper | 
(Thom | 


(Emericella rugulosa 

and Raper) Benjamin) 
A. variecolor 

Thom and Raper (Emericella 

variecolor Berk. and Br.)....... 
A. caespitosus Raper and Thom. . 
A. unguis 

Gaudin) Thom and Raper...... 
A. asperescens Stolk 


Talice and 


restrictus Smith...............| 


latus Thom 


Thom and | 
Raper (Emericella quadrilineata | 


(Berk. and Br.) | 


(Emile-Weil and | 


4/28/42 
4/28/42 


oro 


4/28/42 


or 


5/4/42 
5/4/42 


4/30/42, 


78 4/30/42 


4/30/42 


5/4/42) 


5/5/42 
5/5/42 
5/5/42 

1/14/46 


5/5/42 


4/24/42 


7) 4/13/42 
4/24/42 

9 4/13/42 
4/13/42 
4/24/42 

4/28/42 

4/15/42 


4/8/42 

| 
4/8/42 
5| 4/13/42 
4/28/42 


| 4/13/42 
4/13/42 
212) 4/8/42 


1929 11/30/43 


4/13/42 
2252) 9/27/51 


in Years 


Viability* 

+++4 
++4+4 
++++4 
++++ 
++++4 


+++4+ 


| ++4++ 


++++ 


++++ 
++++ 


+++ 


- 
180 
| 

10 

= 

39 | 
| 15 

| 
| 
> 
| 
| 
| 
15 
rh, 120 15 | 
| 

124 15 | 
| | 
..| 14 15 | ++ 
..| 14 15) ++ 
y | 15 | ++ / 
| 
18 15 | +4+++ 
19 15) ++++ 
15 | ++ 
| | 4 
| 
15 | +++ 4 
| 
4 
15 | ++++ 4 
18 | +4+++ 
| 5| ++++ + 


1958} 


TABLE 1—Continued 


LYOPHIL PROCESS FOR MOLD PRESERVATION 


Name 3 Viability* 
Z < 
A. ustus (Bain.) Thom and 

3} 6/23/42) 15 | ++4+4+ 
A. granulosus Raper and Thom. . 10/1/47, 9 | +4+++4+ 

flavipes (Bain. and Sart.) 

Thom and Church............. 4/2/42) 15 | +4++4++4+ 
A. sydowi (Bain. and Sart.) 

Thom and Church............. 4/1/42) 15 | +++4-4 
A. janus Raper and Thom....... 6/8/42) 15 | ++ 
A. janus var. brevis Raper and 

A. versicolor (Vuill.) Tiraboschi. . 4/9/42) 15 | +444 
A. terreus var. boedijni (Bloch.) 

Thom and Raper... 3/1/43) 14 | ++4+4+ 
A. terreus var. floccosus Shih.... 10/13/47; 9 | ++++ 
A. terreus var. aureus Thom and 

A. carneus (v. Tiegh.) Bloch....| 527) 3/24/42) 15 | ie 
A, foetidus Thom and Raper.... 341) 3/16/42 15 | ++++ 
A. awamori Nakazawa........... 2042/10/29/46 10 | +++4++4 
1. niger van Tieghem........... 322) 3/13/42| 15 | ++++ 
A. phoenicis (Cda.) Thom........ 365 2/28/42! 15 | ++++ 
1. niger mut. cinnamomeus | | | 

(Schiemann) Thom and Raper. 348) 3/16/42) 15 
A. niger mut. schiemanni | 

(Schiemann) Thom and Raper. . 2/28/42) 15 | ++++ 
A. fonsecaeus Thom and Raper. . | 6/8/42) 15 | ++++ 
A. carbonarius (Bainier) Thom. . 12/6/45) 11 | ++++4+ 
A. luchuensis Inui............... | 356) 3/31/42) 15 | ++++ 
4. japonicus Saito............... | 358| 3/23/42! 15 | ++++4+ 
A, violaceo-fuscus Gasperini...... | 3/23/42) 15 | ++++ 
A. panamensis Raper and Thom. .|1785! 6/1/42, 15} ++ 
A. alliaceus Thom and Church. . | | 3/23/42) 15 | ++++ 
4. avenaceus Smith.............. 3/23/42, 15 | ++++4+ 
A. wentii Wehmer............... | 375) 6/23/42) 15 | ++++ 
A, citrisporus von Hoéhnel....... .|2292) 9/4/52) 4 | ++ 
A. lutescens (Bainier) Thom | 

| 42 3/5/42, 15 | +++4 
A. terricola. var. americana | 

A. oryzae (Ahlburg) Cohn........| 2/10/42) 15 | ++++ 
A. micro-virido-citrinus Costantin | 

and Lucet 2/14/42; 15 | ++++ 
2/14/42) 15 | ++++ 
A, parasiticus Speare............ 2/14/42) 156 | ++++ 
A. effusus Tiraboschi.......... 2/24/42) 15 | ++++ 
A. sulphureus (Fresenius) Thom | 

A. quercinus (Bainier) Thom | 

392 3/12/42) 15 | ++++ 
A. sclerotiorum Huber. ..........| 3/4/42):15 | +++4+ 
A. melleus Yukawa.............. 416} 3/4/42) 15 | ++4++4+ 
A. ochraceus Wilhelm............ | 398) 3/3/42) 15 | ++++4+ 
A. butyracea Bainier........ .... 3/5/42, 15 | ++++4+ 
A. ostianus Wehmer............. | 3/5/42, 15 | ++++ 
A. sparsus and Thom... “1938 13 | 


*¥+4++4 = Exe 
++ = fair viability, + = poor viability, 


oe viability, 
— = no growth. 


TABLE 2 
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Viability of lyophilized preparations of Penicillia 
(Species listed as found in A Manual of the Penicillia, 


Raper and Thom, 1949) 


Name 


Penicillium javanicum 
Beyma (Carpenteles javanicum 


(van Beyma) Shear) .......... 
P. parvum Raper and Fennell... 


P. brefeldianum Dodge (Car- 
pentales brefeldianum (Dodge) 


P. ehrlichit Klebahn 


(Carpenteles levitum (Raper 
and Fennell) Benjamin) 


thomit Maire 


P. pusillum Smith 


P. lividum Westling 


P. trzebinskii Zaleski 


P. multicolor G. M. and P...... . |! 
P. implicatum Biourge.......... 
P. sublateritium Biourge........ 


P. chermesinum Biourge........ 


P. decumbens Thom 
P. citreo-viride Biourge 


restrictum Gilman and 


P. fuscum (Sopp) Raper and 


P. adametzi Zaleski 
P. terlikowskii Zaleski. 


P. vinaceum Gilman and Abbott.. 7 
P. phoeniceum van Beyma...... 207 


P. capsulatum Raper and 


P. cyaneum (B. and 8.) Biourge. . 


P. waksmani Zaleski 


P. asperum (Shear) Raper and 
Thom (Carpenteles asperum 


P. baarnense van Beyma........ 2 
P. egyptiacum van Beyma....... 2 
P. reistrickit Smith... .... 

P. pulvillorum 


P. lilacinum Thom 


P. humuli van Beyma........... 


Viability* 


P. levitum Raper and Fennell | 


P. sclerotiorum van Beyma......| 
P.. lapidosum Raper and Fennell...) 
P. turbatum Westling........... 


P. frequentans Westling......... 
P. purpurrescens (Sopp) Raper | 


P. aurantio-violaceum Biourge. .. 


P. fellutanum Biourge........... 
P. roseo-purpureum Dierckx..... 


P. velutinum van Beyma........ 2069 


++++ 
++4++ 


prox-| 
| Years 
+ | | 
707 15 
+ | 
Shear). 710 | 3/26/42 15 | ++++ 
| | | 
2074 | 1/8/47, 10 | 
702 | 2/27/42, 15 | 
718 | 2/25/42) 15 | +++ 
757 | 3/26/42) 15 | +++ 
1915 | 5/14/43, 14) 
| |_| 
720 | 6/25/42, 15 | +++4++4+ 
1750 | 4/15/42, 15 | 
.............| 754 | 3/4/42) 15 | +444 
760) 1/31/42, 15 | + 
731 | 2/27/42) 15 | ++++ 
L058 12/10/46 10 | +++4+4 
054 | 12/9/46 10 | 
2071 12/11/46, 10 | ++ 
742 | 3/26/42) 15 | +444 
{2047 [12/11/56 10 | ++++ 
746 3/26/42) 15 +++4++ 
6/8/42 15 | +++ 
7216/25/42 15 | +++ 
737 | 3/8/42, 15 | +4+4++4+ 
759 | 3/26/42 15 | ++++ 
| 12/7/45 10 | +++ 
0 12/10/46 10 ++4+ 
056 12/10/46 10 | ++++ 
777 | 2/21/42 15 | +444 
10/2/42| 14 | +444 
| 
5 | 2/4/47 10 | +444 
2/2/49) 8 | +4+++4 
| 5/19/42, 15 | ++++ 
| 8/24/46, 10 | +++4++ 
995 | 4/9/42\ 15 +444 
872 | 1/30/42, 15 ++++ 
+++ 
+++ 


TABLE 2—Continued 


TABLE 2—Concluded 


Name 


| 2/24/42 


Date 
Processed 


8/13/46 
5/12/42 
4/10/42 

4/9/42 

6/4/42 

6/5/42 

5/7/47 
5/14/42 

4/9/42 
4/10/42 

4/9/42 

2/5/47 
9/22/47 
9/28/46 
9/25/47 
1/20/42 
1/16/42 
7/28/47 
1/16/42 
1/16/42 
1/19/42 
1/20/42 

2/4/42 
2/29/42 

2/3/42 
1/26/42 
1/26/42 
5/15/46 
1/27/42 
5/15/46 


2/24/42 
5/15/46 
6/25/42 

4/9/42 
5/14/42 
4/10/42 
4/10/42 
5/14/42 

4/9/42 


4/10/42 


4/10/42 


6/12/46 
11/18/48 
8/13/46 


7/6/42, 


8/12/47 
4/9/42 
1/30/42 


| 9/25/46 


2025 
P. janthinellum Biourge......... 904 
P. simplicissimum (Oud.) Thom..| 902 
P. ochro-chloron Biourge........ 926 
P. piscarium Westling.......... 1075 
P. miczynskii Zaleski........... 1077 
P. godlewskii Zaleski............ 2111 
P..canescens 910 
P. nalgiovensis Laxa............ 911 
P. jensent Zaleski............... 909 
P. nigricans (Bainier) Thom....| 915 
P. Bopp... 2043 
P. kapuscinskii Zaleski. ........ 2147 
P. raciborskit Zaleski. .......... 2150 
P. corylophilum Dierckx........ 802 
P. cttrinum Thom. ............. 805 
2140 
P. chrysogenum Thom........... 807 
P. meleagrinum Biourge.........| 836 
P. notatum Westling............ 821 
P. cyaneo-fulvum Biourge....... 837 
P. oxalicum Currie and Thom...| 790 
P. atramentosum Thom.......... 795 
P. digitatum Sacc............... 786 
849 
844 
P. brevi-compactum Dierckx.... |2011 
P. stoloniferum Thom........... 859 
'2008 | 
P. caseicolum Bainier........... | 875 
P. camemberti Thom............ | 877 
P. lanosum Westling............ 2009 
P. lanoso-viride Thom...........| 879 
P. lanoso-coeruleum Thom ......)| 888 
P. Thom. ............. | 890 
P. lanoso-griseum Thom......... | 894 
P. aurantio-candidum Dierckx...| 884 
P. psittacinum Thom........... | 932 
terresive 933 | 
P. solitum Westling............. | 937 
P. resticulosum Birk., Raist., | 
P. pallidum Smith.............. 2037 
putterillii Thom............. 2024 
P. namyslowskii Zaleski......... '1070 
P. lavendulum Raper and 
P. gladioli Machacek........... | 939 
P. ochraceum (Bainier) Thom... 871 | 
P. carneo-lutescens Smith....... '2035 
P. viridicatum Westling......... | 963 | 
P. olivino-viride Biourge........ 2028 
P. palitans Westling............ | 966 
P. cyclopium Westling.......... | 942 
P. cyclopium var. echinulatum | 
Raper and Thom............. ‘(1151 
P. puberulum Bainier........... 2040 
P. martensii Biourge............ 956 
P. aurantio-virens Biourge. ..... 2138 


5/12/42 

9/3/46 
5/12/42 
5/14/42 


6/2/42 
10/28/46 
5/15/42 
7/22/47 


or 


Viability* Name — 
P. expansum Link.............. 973 
+++4++ P. crustosum Thom ............. 968 
++++ P. italicum Wehmer............. 983 
P. corymbiferum Westling....... 2032 
+ P. granulatum Bainier.......... 2036 
P. claviforme Bainier........... .|1002 
++++ P. clavigerum Demelius......... 1003 
++4+4+ P.. duponti Griffon and Maublane 
++4++ emend. Emerson.............. 2155 
P. stipitatum Thom (Talaro- 
+++4+ myces stipitatus (Thom) 
++++ (Talaromyces vermiculatus 
++++ (Dang.) Benjamin)........... 1019 
P. wortmanni Klécker (Talaro- 
myces wortmannii (Klécker) 
+4+++ P. helicum Raper and Fennell 
++++ (Talaromyces helicus (Raper 
and Fennell) Benjamin)...... 2106 
++++ P. spiculisporum Lehman 
++4++ (Talaromyces spiculisporus 
++++ (Lehman) Benjamin)......... 1028 
+4+++4+ P. rotundum Raper and Fennell 
(Talaromyces rotundus (Raper 
++++ and Fennell) Benjamin)...... 2107 
P. bacillosporum Swift (Talaro- 
myces bacillosporus (Swift) 
+444 Benjamin) 1025 
++++ P. avellaneum Thom and 
Turesson (T7alaromyces avel- 
++4++ laneus (Thom and Turesson) 
ae P. luteum Zukal (Talaromyces 
++++ luteus (Zukal) Benjamin)..... 2102 
+4+4++ P. striatum Raper and Fennell 
4+4++4 (Talaromyces striatus (Raper 
ooops and Fennell) Benjamin)....... 2080 
++4++ P. duclauzi Delacroix........... 1030 
P. funiculosum Thom........... 1032a 
P. verruculosum Peyronel....... 1050 
P. islandicum Sopp............. 1036 
+++ P. piceum Raper and Fennell. . .|1051 
P. purpurogenum Stoll.......... 1061 
P. purpurogenum var. rubri- | 
sclerotium Thom.............. 1066 
P. aculeatum Raper and Fen- 
P. variabile Bopp. 1048 
P. rugulosum Thom............. 1045 
P. diversum Raper and Fennell. ..2121 
P. diversum var. aureum Raper 
herquei Bain. and Sart... ... .,1040 
++ P. novae-zeelandiae van Beyma. . 2128 
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P. albicans Bainier............. \1212 


Date 
Processed 


5/21/42 
5/12/42 
5/11/42 
5/11/42 
9/16/46 
9/25/46 
6/10/47 
5/18/42 


12/31/47 
5/18/42 
5/8/42 
5/8/42 
3/20/47 
6/22/42 
3/20/47 


5/8/47 


11/30/43 


3/20/47 


1/19/47 
5/18/42 
6/18/42 
5/14/42 
5/18/42 
2/17/47 
5/19/42 

6/4/42 


5/22/42 
5/22/42 


6/3/47 
5/19/42 
5/21/42 
5/22/42 
5/19/47 


5/22/42 
5/18/42 
5/29/47 
5/15/42 


15 


15 


15 


15 


Viability 


++4+4 
+++4 
++++4 
+++4 
++4+4 
+++4+ 
+++4 


+++ 


+++4+ 


++4+4+ 


+++4 


++++ 


++ 

++++ 
++++ 
++++ 
++4++ 
++++ 
++4++ 


++++ 
++4++ 


++++ 
++++ 
+++ 

++4++ 
++++ 


++++ 
++++ 
++++ 


++ 


*4444 = Excellent viability, +++ = good viability, 
no growth. 


++ = fair viability, + = poor viability, — 


NRRL 
No. Age | | Age 
Years| 
a 10 | 15 
15 | 15 
i 15 | 15 
15 | 15 | 
15 10 
: 15 | 10 
10 | 
15 | 15 
15 | | 
15 | 
15 | 
10 | 
9 | 
10 
9 
15 | 
15 | 
| 
15 
15 
15 
15 
15 
15 
15 
15 
15 
1 
15 
11 
15 
15 
11 
15 
15 | 
15 
15 
15 
15 
15 | 10 
5 15 15 | 
15 | 
18 
15 
8 10 
| 15 
; 15 | 15 
15 
i 
= 15 
eS 10 15 | 
15 15 | 
15 | 
15 15 | 
10 15 | 
15 9 | 
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LYOPHIL PROCESS FOR MOLD PRESERVATION 


Figure 1. Comparative growth of Aspergillus giganteus Wehmer colonies obtained from lyophil preparation (left) and from agar- 
slant (right) after one week. Note longer conidiophores (left) and absence (right). 


by other microorganisms or mites because of the seal- 
ing of freeze-dried spores in glass, (3) minimum chances 
of strain variation through infrequent cultivation—an 
essential condition for all fermentative, taxonomic, or 
genetic studies, and (4) comparatively far less storage 
space required for the cultures—an outstanding ad- 
vantage of the method. 

In order to utilize the lyophil process to its greatest 


advantage, the following two points especially should 
be borne in mind: (1) an abundant supply of conidia is 

a necessary prerequisite to successful lyophilization, 

and (2) the first streaking of the lyophilized spores sus- 

pension should always be made on the most suitable 

medium and the culture incubated at its optimum tem- 

perature for growth. 
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SUMMARY 


Seventy-eight different species of Aspergillus and 
one hundred-forty different species of Penicillium 
preserved by the lyophil process and stored for a period 
of nearly 15 years were tested for their viability. All of 
the species of the aspergilli and nearly all of the peni- 
cillia, except Penicillium ehrlichit Klebahn and Peni- 
cillium lanosum Westling, were found to be viable 
after this long period of storage and to have main- 
tained their typical macroscopic and microscopic char- 
acteristics. 
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The increased significance of pleuropneumonialike 
organisms has spurred many laboratories to engage in 
programs relating these organisms to both human and 
animal diseases. This has resulted in the need for mass 
production of antigens for diagnostic purposes and in 
the need for maintenance of rather extensive stock cul- 
ture collections. Problems of handling encountered in 
such undertakings require a knowledge of the effects 
of physical factors on the viability of these organisms. 

No quantitative information has been published 
concerning the effects of physical environment on sur- 
vival of pleuropneumonialike organisms. Several re- 
ports have been published showing qualitatively that 
50 per cent glycerol is not particularly deleterious to 
rat strains (Beeuwkes and Collier, 1942; Findlay et al., 
1939; Woglom and Warren, 1938a, b), murine strains 
(Sabin, 1938; Edward, 1940), and porcine’ strains 
(Switzer, 1954) and that the organisms vary in their 
resistance to temperatures above 37 C but survive for 
weeks at refrigerator temperatures (Sabin, 1938; 
Switzer, 1954; Bridre and Donatien, 1925; Edward, 
1940; Findlay ef al., 1939; Warren and Sabin, 1942; 
Woglom and Warren, 1938a, b). In the course of ex- 
perimentation on the nutrition and metabolism of 
these organisms, it became necessary to obtain quanti- 
tative information to facilitate the handling of the 
resting cell suspensions. The study reported here sug- 
gests that pleuropneumonialike organisms are more 
stable to a variety of physical effects than heretofore 
has been assumed. 


MATERIALS AND METHODS 


There were 5 strains selected as representative of 
different types of pleuropneumonialike organisms: 07, 
39, 48, and Campo strains isolated from human beings 
and J strain from chickens with chronic respiratory 
disease. The medium employed for the production of 
resting cells was the broth described by Morton et al. 
(1951) supplemented with Difco PPLO serum fraction 
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(Smith and Morton, 1951). Resting cells were prepared 
in the following manner: 10 ml amounts of medium 
were seeded with agar blocks containing colonies and 
incubated for 48 hr at 37 C. These cultures served as 
inoculum for 200 ml amounts of the medium, a 10 per 
cent inoculum being used. After 48 hr incubation, the 
organisms were sedimented under sterile conditions at 
12,000 rpm in the Servall angle centrifuge* for 5 min, 
the supernatant decanted, and the tubes drained. Cells 
were resuspended in different media and the turbidities 
adjusted to arbitrarily chosen readings in a Klett- 
Summerson photometer,’ using a 420 my filter. Assays 
for turbidity were also made in the Klett-Summerson 
photometer. Quantitative determinations of viable or- 
ganisms were accomplished by the viable cell count 
method described by Smith (1956). All dilutions were 
made in saline. 

Sonic oscillation was carried out in a 9 ke Raytheon 
magneto-constriction oscillator® cooled with circulating 
ice water. A 20 ml suspension of a given strain was 
placed in the oscillator and 5 ml samples removed at 
10, 20, and 30 min intervals. Turbidity readings and 
viable cell counts were made immediately and the re- 
mainder of the aliquot replaced in the oscillator. Because 
of difficulties due to variation in the output of the 
oscillator, all tests on a given strain were performed in 
one day. Comparison of different strains by turbidity 
measurement alone in a few different suspending media 
on the same day was performed to check the validity of 
comparisons of viable cell recoveries performed on dif- 
ferent days. 

Freezing and thawing was performed by alternate 
immersion of suspensions of organisms in a mixture of 
solid carbon dioxide and ethylene glycol and in warm 
water. In effect, rapid freezing and thawing occurred. 
Samples were removed after given numbers of cycles 
and assayed for viable cells. 

Determination of the effect of freeze-drying was ac- 
complished by shell freezing 2 ml amounts of suspen- 
sions in which the viable organisms were determined 
prior to freezing. Organisms were suspended in dis- 
tilled water and in the liquid culture medium. The or- 


‘Ivan Sorvall, Inc., New York, New York. 
5 Klett Manufacturing Co., New York, New York. 
® Raytheon Corporation, Waltham, Massachusetts. 
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ganisms were lyophilized and immediately resuspended 
in 2 ml of distilled water. Following appropriate dilu- 
tion, plate counts were made. 

The effect of osmotic shock was tested by (1) drop- 
ping 0.01 ml of a saline suspension containing 10° to 
10° organisms per ml into 10 ml aliquots of distilled 
water and sucrose solutions with molarities varying 
from 0.001 to 5.0 and (2) by placing 0.01 ml of organ- 
isms suspended in glycerol (0.5 to 0.005 mM) and sucrose 
(2.5 to 0.5 M) into 10 ml distilled water. The tempera- 
ture of both suspensions of organisms and solutions was 
preadjusted to 37 C. Immediately before and following 
the addition of organisms, the suspensions were mixed 
and samples removed for viable counts. 

Ixxperiments conducted to determine the survival 
time in different media and at different temperatures 
were carried out by placing suspensions containing a 
known number of organisms in a 50 C water bath, in a 
37 C incubator, at room temperature, which varied 
from 22 to 25 C, and in a refrigerator where tempera- 
ture varied between 3 and 5 C. Samples were removed 
at time intervals appropriate with length of survival 
and were used for making viable cell counts. 

One group of surface active compounds, the bile 
acids, cholic, desoxycholic, and lithocholie acids, were 
tested at two different concentrations in the growth 
medium. 


RESULTS 


Effect of sonic oscillation. Subjection of suspensions of 
4 strains containing 10” organisms per ml to sonic 


VIABLE ORGANISMS PER MILLILITER 


10 20 30 
MINUTES 


Figure 1. Effect of time of sonic oscillation on various strains 
of pleuropneumonialike organisms suspended in distilled water. 


organisms, strain 07, suspended in various media. 
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oscillation for 30 min resulted in approximately a 2 log 
drop in numbers of survivors or a 99 per cent killing. 
As can be seen in figure 1, the destruction of the organ- 
isms can be fitted to a straight line function when log 
number of survivors is plotted against time. Strain 39 
in all suspending media appeared to possess slightly 
more resistance to killing than the other 3 strains. No 
difference in the effect of sonic oscillation could be 
demonstrated by suspending the organisms in M/15 
pH 7.0 phosphate buffer, M/15 pH 7.5 tris(hydroxy- 
methyl)aminomethane buffer, Difeo PPLO serum frac- 
tion, saline, or distilled water. Typical results of the 
effect of different suspending media are shown in figure 2 
with strain 07. The variation apparent in the figure 
could be accounted for entirely by variation in the 
output of the sonic oscillator. The use of acid buffered 
suspending media resulted in rapid loss of viable cells. 
However, there was no noted decrease but rather an 
increase in turbidity. It was found that if such suspen- 
sions were adjusted to an alkaline pH after sonic oscilla- 
tion, the turbidity dropped to values equivalent to 
suspensions vibrated in alkaline buffers. This result 
conforms to those obtained for Azotobacter vinelandii and 
Escherichia coli (Rotman, 1956). In nonacid media, 
considerable reduction of turbidity occurred during 
sonic oscillation. In a typical case, the Klett reading 
dropped from 320 to 120 or lower. However, it was 
found that turbidity measurements could be related to 
viable count in sonicates only with readings between 
250 and 150 on the Klett photometer. With measure- 
ments beyond this range, a straight line function was 
not obtained. Little change in pH was noted during 
oscillation. When distilled water was employed as the 
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suspending medium the pH decreased from 7.6 to 7.2. 
Generally it was found that oscillation for 20 min re- 
sulted in almost complete destruction of the cells. 

Effect of freezing and thawing. Table 1 shows the 
effect of number of cycles of freezing and thawing on 
survival in different suspending media. In the case of 
distilled water, a 2 log drop in viable count occurred 
after 2 cycles, a 4 log drop after 5 cycles and a 6 log 
drop after 10 cycles. In contrast, after 10 cycles in 
saline, only a 2 log drop in numbers of survivors was 
found. 

Effect of freeze-drying. Lyophilization of 5 strains in 
distilled water and in fresh culture medium was carried 
out. Only 1 strain, Campo, survived freeze-drying in 
distilled water, but exhibited a 3 log decrease in numbers 
of viable organisms. All 5 strains survived lyophiliza- 
tion in the culture medium. The Campo strain showed 
a 1 log decrease, strains 07 and J a 2 log decrease and 
strains 39 and 48 almost a 4 log decrease in viable 
count, starting with approximately 10° organisms per 
ml. 

Effect of osmotic shock. Heretofore it has been the 
supposition that pleuropneumonialike organisms are 


TABLE 1 
Effect of freezing and thawing on pleuropneumonialike organism 
strain O7 
Viable Organisms per ml 
Cycles 
Saline Distilled water 
0 1.9 X 10° 1.2 X 10° 
2 — 3.2 X 10° 
5 — 1.3 X 105 
10 3.5 X 10° <108 
TABLE 2 


Effect of osmotic shock on pleuropneumonialike organisms 


Viable Organisms per ml 


(a) 
Saline Suspension Added to: 


Strain O7 | Strain J 

| X 108 xX 104 
No shocking................. 2.0 3.3 
Distilled water.............. 0.9 3.9 
m Sucrose.............. 2.4 2.3 
2.3 7.0 
0.9 6.8 
2.4 7.0 


(b) 
Added to Distilled Water from 
Suspension in: | 


2.7 
2.3 
0.8 
0.05 m Glycerol.............. 0.8 
1.3 


very labile to osmotic pressure changes because of the 
possession of a fragile cell wall. It was of interest to 
quantitate the effect of osmotic shock on these or- 
ganisms. By use of sucrose solutions of varying molarity 
and performance of the tests at constant temperature, 
relatively constant osmotic properties existed. As shown 
in table 2, no significant decrease in viable cell count 
was noted immediately after placing the saline sus- 
pensions of organisms in the given solutions. Con- 
versely, preadjusting the organisms to hypertonic solu- 
tions of sucrose and glycerol followed by immersion in 
distilled water likewise had little effect on viable 
counts. Although prolonged incubation of such suspen- 
sions at 37 C resulted in rapid death of the organisms, 
as described later, additional storage of such suspen- 
sions at refrigerator temperatures resulted in no notice- 
able decrease in viable count. It is apparent that 
osmotic shock, in itself, was not particularly deleterious 
to the organisms. 

Survival at various temperatures. Preliminary quali- 
tative tests indicated that between 45 and 50 C a sharp 
demarcation in survival times occurred. Thus at 45 C 
viable organisms were found after 10 min but at 50 C 
few survivors were found after 2 min. Quantitative 
tests on survival at 50 C showed that an exponential 
decrease in survival occurred. The half life of the 
organisms at this temperature was 2 min or less with 
no survival after 7 to 10 min. 

Table 3 shows the half-life and maximum survival 
time at 37 C in various suspending media. Survival was 
extremely poor in all media except in the culture super- 
natant or fresh medium. Somewhat better survival was 
noted in saline or alkaline buffer than in distilled water 
and acid phosphate buffer. A further examination of 
survival at 37 C was made in an attempt to elucidate 
the cause of such rapid death. In the course of examina- 
tion of the effect of osmotic shock, it was found that 
sucrose solutions of high molarity permitted survival 
at 37 C as long as 6 hr in contrast to sucrose solutions 
of molar or less. As shown in figure 3 an exponential 


TABLE 3 


Survival of pleuropneumonialike organisms at 37 C in different 
media 


Survival Time 


Suspending Medium Strain 07 Strain J 


50 per cent Max 50 per cent Max 


15 min 
pH 7 m/15 phosphate 
35min} 90min} 35min) 120 min 
pH 5.6 m/15 phos- 
phate buffer........ 30 min 
Ringer’s solution..... 20min} 60min) 20min) 60min 


Culture supernate....| >24hr | >24hr | >24hr | >24 hr 
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decrease in numbers of survivors occurred over a range 
of 5 to 2 mM sucrose. The protective action of extremely 
hypertonic solutions of sucrose was found not to be due 
to viscosity since highly viscous solutions of gelatin, 
certain gums and gastric mucin were unable to increase 
survival time. Other explanations for the protective 
action of hypertonic sucrose could be that it brings 
about dehydration of the organisms thereby decreasing 
metabolic activity or that sucrose prevents the inhibi- 
tory action of possible toxic metabolic products and 
anions and cations. The addition of adenosine triphos- 
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Figure 3. Survival after 2 hr at 37 C of pleuropneumonialike 
organisms, strain 07, suspended in sucrose solutions of varying 
molarity. 


TABLE 4 
Survival of pleuropneumonialike organisms at 4 C in different 
media 
Survival Time 
Strain 
F Strain 39 | Strain O7 Strain 
Suspending Medium Campo J 

50 50 50 50 
per| Max | per| Max | per} Max | per | Max 
cent cent cent cent 


pH 6 phosphate buffer .| 7*| >28| 4 7 

pH 7 phosphate buffer.| 7 | >28) 9 7 

pH 8 phosphate buffer.} 6 | 21) 6) >28) <1 7 

50% glycerol-saline....|17 | 20) 25 

50% glycerol-broth....| 9 | 19) >39) 14 

Broth layered with 
mineral oil. ......... 12 | >39) 6) >39) 7| >28| 3] >28 


* Time in days. 


phate, glutamine, or the lipoprotein growth factor had 
no effect on survival time, thus ruling out the possibility 
that the presence of an energy source might increase 
survival. Treatment of the supernate broth with Norit 
did not significantly affect survival time. Suspension of 
the organisms in balanced salt solution (Ringer’s solu- 
tion) likewise was of no value. 

Survival at room temperature was found to be 
slightly longer than at 37 C when the organisms were 
suspended in pH 7.0 phosphate buffer or saline. For the 
2 strains tested, 07 and J, half lives of approximately 
2 hr were obtained while maximum survival times 
did not exceed 6 hr. 

Table 4 shows the survival of different strains at 4 C. 
Considerably better survival was noted in the presence 
of 50 per cent glycerol. However, the maximum survival 
time of the organisms in alkaline phosphate buffer in 
most instances was equivalent to that in glycerol. 
Qualitative estimation of survival in distilled water and 
saline at 4 C indicated that survival in saline was 
equivalent to that in pH 6 phosphate buffer, while in 
distilled water a 4 log drop occurred in 3 days. The one 
poultry strain tested, J, was found to be considerably 
less stable than the 3 human strains. 

Effect of surface tension. A detailed study of the 
effect of surface tension on pleuropneumonialike organ- 
isms was not undertaken. However, it is felt that it 
would be noteworthy to describe the effect of bile acids, 
the results of which were obtained during a study of the 
sterol growth requirement of these organisms. Three 
bile acids were tested in the complete medium devoid 
of sterols. These bile acids differ from one another in 
that cholic acid contains 3 hydroxy! groups on its nu- 
cleus, desoxycholic contains 2 and lithocholic contains 
1. When added to the medium at 2 final concentrations, 
3.0 X 10-° m and 1.5 X 107‘ M, no growth was ob- 
served but a decrease in viable count proportional to 
the number of hydroxyl groups occurred. Thus, with 
lithocholic acid the poorest survival was noted, while 
with cholic acid no decrease in viable count occurred 
in 4 days at 37 C. Since decrease in the number of polar 
groups results in decreased surface tension, the effect 
might be the result of surface tension depression. The 
deleterious action of surface tension depressants on 
these organisms has been noted by the lethal effect of 
soap (Keller et al., 1952). 


DIscUsSION 


A detailed analysis of the effects of different physical 
factors under a great many varied conditions was not 
undertaken since the primary aim of this study was to 
determine the effects of various methods of handling 
resting cell suspensions. In general, none of the common 
handling methods for microorganisms can be considered 
greatly deleterious to the viability of the pleuropneu- 
monialike organisms. The stability of the organisms in 
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a cool, nonacid environment to alternate freezing and 
thawing and to osmotic shock was found to be consider- 
ably better than has been assumed in the past. Some 
variation was noted among different strains, especially 
the poultry strain, J, which is considerably more labile 
to storage than the human strains tested. 

The most surprising result was the extreme stability 
of pleuropneumonialike organisms to osmotic shock. In 
no instance was there a considerable reduction in num- 
ber of viable cells immediately following osmotic shock. 
This finding is contradictory to the effects observed in 
preparing specimens for electronmicroscopy (Smith et 
al., 1948; Morton et al., 1954). An explanation for this 
resistance to lysis by osmotic shock could be that the 
pliable nature of the limiting cell membrane of these 
organisms permits considerable distortion, thus pre- 
venting rupture of the cells. The difference from species 
of Azotobacter (Robrish and Marr, 1957) of the effects of 
osmotic shock may be due to a greater permeability of 
pleuropneumonialike organisms to glycerol. 

Pleuropneumonialike organisms were found to be 
relatively more labile to temperatures above 4 C when 
removed from their growth environment than bacteria 
(Winslow and Falk, 1923). An increase of survival at 
these temperatures could be obtained by suspending 
the organisms in hypertonic sucrose but not by addition 
of certain metabolites, control of pH, and nature and 
concentration of anions and cations. 

With regard to the other physical factors tested, 
pleuropneumonialike organisms do not differ consider- 
ably from bacteria (Porter, 1947; Mitchell, 1951). The 
effect of the bile acids examined conforms to the results 
with bacteria with which there was found to exist a 
simple relationship between the bacteriostatic activities 
of closely related bile acids and their ability to depress 
surface tension of the medium (Stacey and Webb, 1947). 

The resistance of pleuropneumonialike organisms to 
certain physical effects parallels their greater resistance 
than bacteria to chemical agents. These findings further 
support the contention that pleuropneumonialike organ- 
isms are resistant forms having arisen phylogenetically 
from bacteria as a result of a deleterious environment. 
The “unstable” and “‘stable”’ L forms can be considered 
intermediate forms in the transition of a bacterium to a 
pleuropneumonialike organism. The process involved in 
such a transition might involve first adaptive changes 
not fixed genetically, as in L forms, followed by genetic 
mutations by which the characters become perma- 
nently fixed (Mudd, 1955). 


SUMMARY 


Pleuropneumonialike organisms were found to be 
more resistant to adverse physical environment than 
previously has been assumed. Four strains of human 
and poultry origin exhibited 99 per cent lysis after sonic 
oscillation for 20 min. No significant difference occurred 


among different strains or with different suspending 
media. Alternate freezing and thawing resulted in con- 
siderable destruction of the organisms in distilled water 
but not in saline. Pleuropneumonialike organisms sur- 
vive lyophilization in the culture medium but not in 
distilled water. No loss in viable organisms was noted 
after subjection to osmotic shock. The organisms sur- 
vive only a few hours at temperatures above 4 C when 
suspended in solutions other than the culture medium. 
Survival at refrigerator temperatures extends over 
many weeks. A preliminary examination of the reason 
for poor survival at temperatures above 4 C did not 
reveal the cause. The organisms were very labile in 
suspending media acid in nature, regardless of tem- 
perature. The deleterious action of bile acids may be 
related to reduction of surface tension of the medium. 
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At a recent symposium on the problems of detection 
and enumeration of Salmonella in foods (Dack, 1955), 
shortcomings of the methodologies in current use were 
discussed by both food analysts and public health mi- 
crobiologists. It has become increasingly apparent to 
the food microbiologist, who finds himself handicapped 
by inadequate methods, that the analytical problem of 
salmonellae in foods possesses certain peculiarities not 
commonly encountered in the clinical laboratory. First, 
the organisms have often been subjected to physio- 
logically debilitating processes such as freezing, desic- 
cation, curing ingredients, and extremes of pH, heat, 
and osmotic pressures during the manufacture or stor- 
age of the product. Second, salmonellae in foods usually 
comprise an exceedingly small component of the total 
microbial population, and in addition, are almost in- 
variably outnumbered by physiologically similar coli- 
form bacteria. Examination of the methods used for the 
enumeration of the salmonellae and the problems posed 
evoke the conclusion that the food bacteriologist has 
appropriated zn toto the media and methods of the 
clinical laboratory in an attempt to solve problems for 
which they were not designed, with little consideration 
being given to their applicability. The results have been 
unsatisfactory. 

The paucity of Salmonella prevents their enumera- 
tion by direct plating methods. The most probable 
number (MPN) technique (Hoskins, 1934) is used rou- 
tinely for that purpose and involves quantitative 
inoculation of enrichment broth with a food sample 
With subsequent identification of salmonellae on a dif- 


ferential medium. Improvements in the enrichment 
broth are, therefore, of primary importance in this 
schema. Selenite F enrichment broth has been estab- 
lished as the medium of choice over tetrathionate broth. 
This does not preclude the possibility that there are 
changes in formulae which would enhance the ability 
of selenite F to detect salmonellae. Similarly, evaluation 
of the abilities of differential and selective media to 
facilitate recovery of Salmonella sp., specifically, com- 
pletes the selection of the tools with which to continue 
the examination of changes in methodology. The au- 
thors intend to present in this and subsequent reports 
the results of some of the investigations which examine 
factors affecting the choice of media, and to discuss 
changes in methodology which have proved efficacious 
in detection of Salmonella sp. and their enumeration 
from foods. 


MATERIALS AND METHODS 


Selenite F medium (Leifson, 1936) modified by the 
addition of cystine (North and Bartram, 1953) was used 
as the control for experiments conducted on enrichment 
media. Dulcito! or mannitol were substituted for lactose 
in the appropriate formulae tested. 

Selenite brilliant green sulfapyridine medium (SBS) 
was prepared according to directions supplied by Dr. 
Stokes; when it became aVailable commercially, the 
dehydrated medium was used (Osborne and Stokes, 
1955). 

Metabolite solutions (‘‘metsol’’) (Heinmets et al., 
1954) consisted of the following metabolites in 0.2 per 
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cent concentration: sodium pyruvate, oxalacetic acid, 
sodium acetate, sodium citrate, cis-trans aconitic acid, 
isocitric acid, lactic acid, malic acid, and sodium fuma- 
rate. These compounds were dissolved in 0.1 mM, pH 7.0 
phosphate buffer 

The inocula varied for the different phases of these 
studies. In each case, however, dried egg albumen 
known to contain salmonellae was used. These inocula 
always contained coliform organisms as well. In com- 
parisons of this type, the value of using natural inocula 
cannot be overemphasized since such materials contain 
the organisms sought in their qualitative and quanti- 
tative relationships to the natural environment. Fur- 
thermore, such organisms have not been modified by 
prior exposure to artificial media. In some experiments, 
it was necessary to use pure cultures of either Escher- 
ichia coli or Salmonella sp. Multiple strains of newly 
isolated organisms were employed in order to recreate 
the inevitable mixed flora characteristic of naturally 
contaminated foods. 

Presumptive evidence of the presence of Salmonella 
sp. resulted from the appearance of red translucent 
colonies on brilliant green agar plates. Three such colo- 
nies from each plate were subjected to biochemical and 
serological studies. Organisms which did not ferment 
lactose or sucrose but did ferment glucose and mannitol, 
and which were indol and urease negative, were typed 
serologically with polyvalent and group antisera. If 
they agglutinated in both, they were considered to be 
Salmonella sp., and frequent spot checks of these posi- 
tives by Illinois State Public Health Laboratories al- 
ways confirmed their identity as serotypes of Sal- 
monella. 

Plating media and methods employed in the quanti- 
tative detection of salmonellae were as follows: tryptone 
glucose extract agar (TGE) and desoxycholate agar 
(Des) were poured plates; brilliant green agar (BG), 
Levine’s eosin methylene blue agar (EMB), MacCon- 
key’s agar (MacC), Salmonella-Shigella agar (SS), and 
bismuth sulfite agar (BiS) were inoculated with a glass 
spreader bar or “hockey stick.” All of the plating media 
were dehydrated media made in accordance with the 
manufacturer’s directions. 

TGE was chosen as the medium most likely to give 
the maximum counts of both salmonellae and coliforms 
since it contained no inhibitors. Each of the other media 
was compared with it for the enumeration of these or- 
ganisms and statistical analysis was used to determine 
the significance of the differences observed. 

Since the survey of the quantitative abilities of media 
offered the opportunity for comparisons of direct plat- 
ing methods with MPN determinations, the latter were 
investigated. MPN’s for salmonellae were obtained 
using cystine-selenite broth (Sel) and mannitol broth 
(Mann); MPN for coliform organisms compared lac- 
tose broth (LB) with brilliant green bile, 2 per cent, 
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lactose broth (BGBLB). Verification of selenite broth 
positives was made on BG agar; gas formation in the 
other MPN determinations was accepted without con- 
firmation since these were pure culture studies. 


RESULTS AND Discussion 


The results of substituting dulcitol or mannitol for 
lactose in selenite F broth may be seen in table 1. The 
rationale for these changes was simply that both of 
these carbohydrates are utilized by the salmonellae 
while lactose is not. It is logical to assume that a me- 
dium designed to enhance the growth of one group of 
organisms over another would contain nutritive sub- 
stances utilizable only by the preferred group. Leifson 
(1936) claimed that he found no improvement when 
using carbohydrates other than lactose, and that the 
purpose of the carbohydrate is primarily that of negat- 
ing overgrowth of coliforms or enterococci by affording 
a source of acid to prevent the pH of the medium from 
rising during the growth of the organisms and, conse- 
quently, the loss of selenite toxicity associated with an 
alkaline pH. 

Six replicate three tube MPN’s with mannitol sele- 
nite vs selenite I’ revealed no statistically significant 
differences in isolations of Salmonella sp. between these 
media. 

Dulcitol selenite was inoculated with a naturally 
contaminated food sample (dried egg albumen) of 
known content of Salmonella. Two series of 50 replicates 
each failed to produce a significantly greater number of 
positive isolations than selenite F produced. 

Prior to the publication of data on selenite brilliant 
green sulfapyridine medium, we were privileged to re- 


TABLE 1 


Comparisons of Isolations of Salmonella from selenite broths with 
lactose, mannitol, or dulcitol 


Statistical 
Analysis 
Media No. Trials Probe 
| | bility 
| Square | cent 
6 43/75 | 1.708 | 19 
Mannitol selenite.......... (MPN’s) | 34/75 
Dulcitol selenite........... 45/100 | | 
2 27/100 |22.808 | <1 
Metsol pretreatedf......... (MPN’s) | 30/60 | 
Mannitol selenite.......... 2 17/21. | 
(MPN’s) | 10/21 | | 


Metsol pretreatedf......... 


* Selenite brilliant green sulfapyridine made in laboratory. 

+ Selenite brilliant green sulfapyridine commercially pre- 
pared dehydrated medium. 

t Metabolite solutions—see text. 
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ceive instructions from one of the authors for the prep- 
aration of SBS broth. The results of five replicate 
MPN’s on food samples contaminated with Salmonella, 
shown in table 1, were compared to those obtained with 
selenite F and showed no statistically significant ad- 
vantage over the latter. After a lapse of some months, 
an early lot of commercially prepared dehydrated SBS 
medium was made available to us and experiments 
with food samples of known content of Salmonella 
proved the medium to be more disappointing than the 
aliquots we had made previously. Statistical analysis 
confirmed the marked superiority of selenite F over the 
SBS medium observed in these trials. 

Heinmets et al. (1954) had investigated rejuvenation 
of coliforms which had undergone debilitating exposures 
to deleterious agents, physical and chemical, and found 
that they responded to various metabolic intermediates 
of the tricarboxylic acid cycle. This could conceivably 
be of advantage in detection of Salmonella from mixed 
flora in foods which had been subjected to the variety 
of manufacturing processes designed to prevent or re- 
duce bacterial contamination. 

Most probable number determinations of populations 
of Salmonella on five naturally contaminated food 
samples were performed using metabolic solutions (met- 
sol) for pretreatment of the sample prior to enrichment 
in selenite broth. 

Similar trials were conducted with mannitol selenite 
broth. The results shown in table 1 reveal that no sta- 
tistically significant enhancement of detection of Sal- 
monella accrued to metsol pretreatment. The picture 
presented by the plates obtained from the enrichment 
broth was one of a heavy coliform overgrowth. 

There is a large array of plating media now available 
to the microbiologist, however, few, if any, are specifi- 
cally designed for quantitative analysis of salmonellae 
in foods. A representative selection of these media has 
been examined for the ability to enumerate Salmonella 
and coliform accurately to establish the plating medium 
of choice for these organisms. 

The inocula for these experiments consisted of pure 
cultures of Salmonella or coliform organisms newly 
isolated from natural sources, grown in brain heart in- 
fusion broth for 18 hr, and pooled in 6 different groups 
of 3 serotypes or strains. A total of 18 each of Salmonella 
and coliforms were used in these experiments. 

The counts of Salmonella obtained from different 
media and their significance are shown in table 2. There 
were no significant differences between the counts of 
Salmonella observed on BG, Sel, BiS, EMB, and Des, 
and those observed on TGE. 

The counts obtained on MacC, SS, and Mann were 
consistently lower than those obtained on TGE and, 
although the probabilities of 16 to 18 per cent are larger 
than the 5 per cent normally cited in conventional 
statements of statistical significance, we believe they 


constitute adequate evidence that the media are in fact 
different. With regard to these three media, the low 
MPN’s with mannitol broth as compared to selenite 
comes as a surprise, since one assumes that a medium 
containing inhibitors such as selenite would inhibit 
growth of some salmonellae and, therefore, produce 
lower MPN’s than a noninhibitory sugar broth. 

The lower counts obtained on SS plates are in sharp 
contrast to the excellent showing of both BG and BiS 
agars, yet all are selective media. Results with the latter 
two give ample evidence that it is possible to obtain 
good quantitative recovery of one group of organisms, 
the salmonellae, at the expense of another, the coli- 
forms. 


The coliform counts shown in table 3 reveal that 


‘there were significant differences in the abilities of 


several of these media to permit uninhibited growth of 


TABLE 2 
Mean counts of Salmonella obtained on different media 


Comparison of 
Salmonella Counts |¥!ues Observed 


in Millions with Tryptone 
Glucose Ex- 
Media tract Agar 
Mean of |95 per cent P Proba- 
6 replica-| confidence 7 bility 
tions interval cone per cent 
Tryptone glucose extract agar.| 738 | 506-1080) — — 
Brilliant green agar........... 927 | 635-1350)125.6 40 
Cystine-selenite broth........| 711 | 488-1040) 96.3 | >50 
Bismuth sulfite agar*......... 693 | 475-1010) 93.9 | >50 
Levine’s eosin methylene blue 
652 | 447- 951) 88.3 | >50 
Desoxycholate agar........... 601 | 412- 877) 81.4 48 
MacConkey’s agar............ 511 | 350- 745) 69.2 18 
Mannitol broth. 505 | 346- 732) 68.4 16 
Salmonella-Shigella agar......| 498 | 341- 726 67.5 16 


* Counts’ after 48 hr incubation. 


TABLE 3 
Mean coliform counts obtained on different media 


| 

| x Comparison of 
Coliform in Values Observed 
| Millions | 

| 


with Tryptone 
Extract 
Media Agar 
Per 
| cations interval per cent 
Tryptone glucose extract agar.| 1850 413-8330) — | 
Levine’s eosin methylene blue | 
Desoxycholate agar........... 1810 | 403-8110 97.8 | >50 
Dactose brown... 1570 | 350-7050) 84.9 | >50 
MacConkey’s agar............ 1530 | 340-6860 82.7 | >50 
Brilliant green bile lactose 
1420 | 317-6380) 76.8 | >50 
Brilliant green agar........... 215 | 48- 966, 11.6) 5 
Salmonella-Shigella agar...... | 110 | 24 494) 5.9) 2 
Bismuth sulfite agar*......... | 91 20- 409, 4.9 <I 


* Counts after 48 hr incubation 
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these organisms. Counts obtained with BiS, SS, and BG 
agars were significantly lower in numbers detected than 
the other media. 

The information gained from these two tables is of 
interest to those who must isolate salmonellae from 
products in which the coliforms are the predominant 
gram negative flora, and who must quantify those re- 
sults. The inhibition of salmonellae by coliforms is an 
ever-present factor (Levine and Tanimoto, 1954), and 
the choice of a medium which is inimical to the growth 
of coliforms and permissive of unrestricted growth of 
Salmonella is desirable. In addition, distinct differen- 
tiation between coliform and noncoliform, and an in- 
cubation period of not longer than 24 hr, are considered 
salutary characteristics. These criteria have resulted in 
establishing BG agar as the medium of choice. This 
conclusion was arrived at empirically after years of 
using BiS and other media. It was found that the differ- 
ences between Salmonella and other enteric organisms 
were not as marked on SS or BiS as on BG. In addition, 
48 hr incubation was almost always necessary for the 
development of the salmonellae on BiS agar, at which 
time nonsalmonellae also appeared, more often than 
not, with no obvious colonial characteristics to distin- 
guish them. 

It is not the intent of the authors to imply that one 
medium is completely adequate for the isolation of all 
salmonellae, as in our experience and that of many 
others (Neter and Clark, 1944; Byrne et al., 1955; and 
Shaughnessy and Jensen in Dack, 1955), it is incontro- 
vertibly shown that more than one enrichment broth 
and a larger number of plating media are necessary to 
obtain a maximum number of positive isolations. The 
limiting factors of numbers of samples and personnel 
available very often determine the practical application 
of this knowledge, however, and cystine selenite (SEL) 
followed by BG have most consistently outperformed 
any other combination with which we have had ex- 
perience. Other investigators have found BG superior 
(Broh-Kahn, 1946; Ayres, 1953), and others have found 
BiS better (Hajna and Perry, 1938; Gunther and Taft, 
1939; Byrne, in Dack, 1955). With the growing realiza- 
tion of the shortcomings in detection of salmonellae in 
foods and the magnitude of the difference between the 
problems posed by foods and those of the clinical labo- 
ratory specimens, additional workers have recently 
begun to devise methods and media which are adapted 
to the specific needs of the food analyst (Ayres, 1949; 
Byrne et al., 1955; Osborne and Stokes, 1955). 


SUMMARY 


Substitution of the carbohydrates mannitol or dulci- 
tol for lactose in cystine selenite F enrichment broth 
effected no increase in the numbers of Salmonella iso- 
lated from naturally contaminated dried egg albumen. 

Selenite brilliant green sulfapyridine enrichment 


broth did not produce more isolations of Salmonella, 
and in some instances, was markedly inferior to Sele- 
nite F. 

The use of tricarboxylic acid cycle metabolites to 
pretreat the physiologically damaged salmonellae did 
not enhance their isolation. 

Enumeration of salmonellae on nine media disclosed 
that counts on SS and MacConkey’s agars and MPN’s 
on mannitol broth were significantly lower than those 
obtained from brilliant green, bismuth sulfite, eosin 
methylene blue, and desoxycholate agars or cystine 
selenite broth, these latter being quite comparable to 
tryptone glucose extract agar counts. 

Coliforms were greatly inhibited by brilliant green, 
SS, and bismuth sulfite agars as compared to tryptone 
glucose extract agar counts. Counts on eosin methylene 
blue, desoxycholate, and MacConkey’s agars, and 
MPN’s obtained with brilliant green bile 2 per cent and 
lactose broth were comparable with counts on tryptone 
glucose extract agar. 

The combination of cystine selenite F enrichment 
broth and subsequent streaking on brilliant green agar 
has proved itself valuable through long experience in 
the authors’ laboratories. The combination has been 
demonstrated in these experiments to be the method of 
choice for the detection and enumeration of Salmonella 
organisms in food analysis. 
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There has been an increasing interest in rapid and 
more expedient methods for the identification of bac- 
teria. One of the several approaches to this subject has 
been the use of impregnated paper discs for the perfor- 
mance of routine biochemical determinations (Soto, 
1949; Knox, 1949; Snyder et al., 1951). Two reports 
have described paper disc techniques for the detection 
of hydrogen sulfide production by Enterobacteriaceae 
(Snyder, 1954; Sanders et al., 1957). Because sufficient 
quantitative information regarding disc methods was 
not available, further study to confirm and extend the 
work of previous investigators was indicated. This re- 
port presents the results of such studies of paper disc 
methods for hydrogen sulfide tests. 


MATERIALS AND METHODS 


Cultures. In this study a number of cultures, mainly 
Enterobacteriaceae, were employed to evaluate the ex- 
perimental dises. Many of the Salmonella species were 
kindly supplied by Lt. Col. A. C. Sanders of the Walter 
Reed Army Institute of Research. An attempt was 
made to include representatives of each serological 
group of the genus Salmonella. 

Preparation of discs. The paper dises (no. 740-E)* used 
in this study were 12.7 mm in diameter by about 1 mm 
thick. These were impregnated with various reagents 
for hydrogen sulfide tests. Experimental dises contain- 
ing sodium thiosulfate, ferric ammonium citrate, and 
glucose were prepared by aseptically pipetting Seitz- 
filtered solutions onto sterile dry discs contained in 


‘From a thesis submitted to the Graduate School of the 
University of Maryland in partial fulfillment of the require- 
ments for the degree of Master of Science. 

* This investigation was supported in part by a research 
grant from the Baltimore Biological Laboratory, Inc., Balti- 
more, Maryland. 

3 Present address: Merck, Sharp & Dohme Research Lab- 
oratories, Rahway, New Jersey. 

‘Schleicher & Schuell Co., Keene, New Hampshire. 


Petri dishes. The dises were satisfactory for immediate 
use or could be used after drying. Dises containing so- 
dium thiosulfate and ferric ammonium citrate but no 
glucose were impregnated by touching to the surface of 
the solution with forceps and allowing them to become 
saturated by capillary action. After drying on alumi- 
num pans overnight at 37 C, the discs were placed in 
loosely capped vials and sterilized with dry heat at 140 
C for 3 hr. All solutions for impregnating dises were 
adjusted to contain the desired amount per dise in 0.08 
ml, the absorptive capacity of a disc. 

To provide a simple experimental system, dises were 
charged with substrate and indicator, only. Dises con- 
taining varying amounts of a substrate, such as sodium 
thiosulfate or cysteine, and an indicator, such as ferric 
ammonium citrate or lead acetate, were prepared and 
tested on plates and tubes inoculated with various test 
organisms. 

For comparison, some discs were prepared with com- 
plete Bacto-peptone iron agar (PIA)*® formula (minus 
agar) at 10 X normal strength according to Snyder’s 
directions (Snyder, 1954) except that the Bacto-pro- 
teose peptone no. 3 of the PIA was replaced by Thio- 
tone.® 

Dises containing 20 mg each of carbohydrate for use 
in the procedure of Sanders et al. (1957) were prepared 
and sterilized after drying in loosely capped bottles by 
exposure to ethylene oxide gas for 1 hr. 

Media. The following dehydrated commercial media 
were prepared according to the manufacturers’ direc- 
tions and employed in plates and tubes to test dises: 
phenol red agar base, phenol red broth base, trypticase 
agar base, trypticase soy agar-BBL, and Bacto-heart 
infusion broth. In addition, triple sugar iron agar (BBL) 

5 Difeo Laboratories, Inc., Detroit, Michigan. 


6 Baltimore Biological Laboratory, Inc., Baltimore, Mary- 
land. 
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slants and Bacto-peptone iron agar deep stabs were 
utilized as controls. 

Performance of tests. Test organisms were transferred 
from stock slants to tubes containing 10 ml of phenol 
red broth base and incubated for 24 hr at 37 C. A single 
loopful of the broth culture was used routinely as inocu- 
lum for both tube and plate tests. 

For plate tests, 20 ml of melted, cooled (45 C) phenol 
red agar base was inoculated, mixed, and poured into a 
Petri dish. Upon solidification of the seeded medium, 
1 to 4 discs were placed aseptically on the surface with 
aleohol-flamed forceps. 

Tubes containing 10 ml of broth or 15 ml of solid or 
semisolid medium were inoculated with a single loopful 
of broth culture before addition of the test disc. Results 
were read after 8 and 24 hr at 37 C and daily thereafter 
through a 4 day period. 

RESULTS 


Description of reactions. Cultures of enteric bacteria 
when tested by the dise-plate method of Sanders e¢ al. 
(1957) formed the typical yellow zone of acid, with or 
without gas, around those discs which contained a car- 
bohydrate fermented by the culture. A black ring de- 
veloped at the periphery of the zone with those organ- 
isms which blacken Kligler’s iron agar slants. No 
blackening occurred with cultures negative on Kligier’s, 
or in the absence of fermentation. 

When used on phenol red agar base pour plates, the 
experimental discs containing glucose, sodium thiosul- 
fate, and ferric ammonium citrate yielded results iden- 
tical in appearance to those described by Sanders et al. 
(1957). When these dises were tested in trypticase agar 
base stabs, positive reactions were characterized by the 
development of a black band extending from the surface 
to a depth of about 20 mm, while a yellow band due to 
acid extended downward an additional 10 to 20 mm. 

Dises containing sodium thiosulfate and ferric am- 
monium citrate but no glucose gave similar results in 
tubes, except that acid was not formed and blackening 
was often not as intense. Positive reactions were not 
obtained when these discs were tested on phenol red 
agar base pour plates. 

Requirement for glucose in plate test. It was found that 
a fermentable carbohydrate was essential for the de- 
velopment of hydrogen sulfide tests with discs placed on 
the surface of phenol red agar base pour plates. To 
demonstrate this, dises were impregnated with sodium 
thiosulfate, 1 mg, ferric ammonium citrate, 1 mg, and 
varying amounts of glucose from 0 to 20 mg, and tested 
on plates with a number of organisms. Table 1 shows 
that no reaction occurred in the absence of glucose, and 
that the number of positive tests increased as the 
glucose concentration was increased. The maximum 
amount used, 20 mg, gave best results, although com- 
plete correlation with control media was not demon- 


strated. 


When the dises containing glucose, ferric ammonium 
citrate, and sodium thiosulfate were tested in trypti- 
case agar base stabs using the same cultures, it was 
found that glucose was not necessary for the tube test. 
In fact, glucose in amounts higher than 1 mg appeared 
deleterious and inhibited blackening with some of the 
weak hydrogen sulfide-producing strains of Salmonella 
typhosa. Complete agreement was found with control 
media using discs supplemented with 1 mg glucose. The 
only discrepancy between results using discs without 
glucose and the control (TSI) was with Salmonella 
pullorum. The effect of glucose on results obtained with 
sodium thiosulfate and ferric ammonium citrate disc- 
tube tests is shown in table 2. 


TABLE 1 


The effect of glucose upon disc-plate hydrogen sulfide tests on 
phenol red agar base pour plates of enteric bacteria 


Glucose Content of Disc* in . 

Tripl 

No. of mg 

Culture trains ron 
Em- Agi 

Number of cultures positivet ea 
Salmonella typhosa.... 5 0 | 1-0) 3-0) 3-1) 3 5 
Salmonella spp........| 9 0 | 3-0) 9-3) 8-4) 8-9) 9 
S. choleraesuis........ 1 010 10 0 
S. paratypnt 1 0;0 |0 |0 0 
1 0 1-0) 1 1 1 
@ 0 | 2-1/2 | 2 2 
Escherichia coli....... 1 0;0 |0 |0 0 
Uninoculated con- 

0;0 10 |0 |0 0 


* Supplemental dise content: sodium thiosulfate, 1 mg; 
ferric ammonium citrate, 1 mg. 

7 First digit shows 24 hr reading; second the 48 hr. A single 
entry indicates no change from first reading. 


TABLE 2 


The effect of glucose upon disc-tube hydrogen sulfide tests in 
trypticase agar base stabs of enteric bacteria 


Glucose Content of Disc* in Triple 
No. of mg cme 
0 | 1 | 5 | 10 | | 
ployed Slants 
(Control) 
Number of cultures positivet 
Salmonella typhosa.... 5 3-5} 5 | 2-4) 2 | 2 5 
Salmonella spp........| 9 9 |9 | 8-9 3-8) 3 9 
S. choleraesuis........ 1 18 19 12 0 
3 1 0j1 1 1 1 1 
Proteus 2 92-12 2 12 2 
Escherichia coli....... 1 0;0 ;0 0 
Uninoculated con- 


* Supplemental dise content: sodium thiosulfate, 1 mg; 
ferric ammonium citrate, 1 mg. 

+ First digit shows 24 hr reading; second the 48 hr. A single 
entry indicates no change from first reading. 
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Substrates. To demonstrate the effect of the sodium 
thiosulfate concentration on detection of H.S produc- 
tion, two sets of discs containing varying amounts of 
thiosulfate were prepared. One set for tube tests con- 
tained 1 mg ferric ammonium citrate and graded 
amounts of thiosulfate while the discs for plate test 
contained 20 mg glucose and 1 mg ferric ammonium 
citrate plus varying amounts of sodium thiosulfate. 
Results obtained with these discs are summarized in 
table 3. In both plate and tube tests it was found that 
while a number of test organisms gave positive reactions 
in the absence of thiosulfate, the number of positives in- 


TABLE 3 


The effect of sodium thiosulfate upon disc-tube hydrogen sulfide 
tests in trypticase agar base stabs of enteric bacteria 


nana | aie 0 | 0.01 | 0.1 | 1 | 5 Arar 
| ployed Slants 
| Number of cultures positivet iene 
Salmonella typhosa... 5 2 | 5 5 
Salmonella spp... .... | 16 7 | 15) 16) 16] 16 
S. choleraesuis........ 1 0 0 
S. pullorum........... 1 0 1 
Escherichia coli. ...... 1 0 0 
Uninoculated con- 
0 0; 0} O 0 


* Supplemental dise content: ferric ammonium citrate, 1 mg. 
+ Entries indicate readings made at 24 hr and again at 48 hr. 


TABLE 4 


A comparison of substrates for the disc-tube hydrogen sulfide test 
in trypticase agar base stabs of enteric bacteria 


Disc Content 
|Snyder’s | ~Bacto- 
of Thi-|1 mg Cy-|5 mg Thi- Peptone Peptone 
Em- pms ferric am-|ferric am- Disc® (Control) 
|Ployed monium | monium | monium 
citrate | citrate | citrate 
Number of cultures positivet 
Salmonella 
typhosa........ | 5 5 2-5 2 5 5 
Salmonella spp...| § 9 9 3 9 9 
S. choleraesuis...| 1 0 0 0 0 0 
S. paratyphi..... 1 0 0 0 0 0 
S. pullorum...... 1 0 0 0 0 1 
Proteus spp... ... 2 2 2 2 2 2 
Escherichia coli..| 1 0 0-1 0 0 0 
Uninoculated 
control (1)... 0 0 0 0 0 


*Thiotone (BBL) substituted for Bacto-proteose peptone 
no. 3. 


t First digit shows 24 hr reading; second the 48 hr. A single 
entry indicates no change from the first reading. 


creased with the thiosulfate content. At least 1 mg of 
thiosulfate per dise was necessary to give results com- 
parable to the control slants of triple sugar iron agar. 

Because in some instances the peptone of the medium 
alone would support hydrogen sulfide production (see 
table 3) a comparison of thiosulfate, the peptone Thio- 
tone (BBL), and cysteine hydrochloride for disc-tube 
tests was made. The results of this comparison are pre- 
sented in table 4. Peptone was found unsatisfactory 
because it did/not result in blackening with all the cul- 
tures that were positive on controls. Escherichia coli, 
which was viegative on triple sugar iron agar and pep- 
tone iron agar controls, showed a positive test with dises 
containing cysteine. 

A disc made according to the directions of Snyder 
(1954), except that Bacto proteose peptone no. 3 was 
replaced by Thiotone, was included for comparison. It 
was found that the Snyder disc and the thiosulfate- 
ferric ammonium citrate disc gave identical results, 
although reactions were weaker with the Snyder disc. 
With both discs, the only inconsistent result encoun- 
tered was with S. pullorum. 

Indicator. To determine the influence of the indicator 
on these tests, an experiment similar to that described 
for thiosulfate was performed. Two sets of discs were 
prepared, the set for plates containing 20 mg glucose 
and 1 mg sodium thiosulfate, and those for tubes con- 
taining 1 mg thiosulfate without glucose. A range of 


TABLE 5 


A comparison of media and methods for disc hydrogen sul fide 
tests using thiosulfate-ferric ammonium citrate disc* with 


Enterobacteriaceae 

| Triple 

Ld Soy | Soy | Broth | sion | Agar = 

Culture trains} Agar | Agar | Base | Broth| Base gat 
Em- /Platet| Stab | Tube | Tube} Stab | ‘Con 
ployed | trol) 

Number of cultures positivet 

Salmonella spp... .| 42 | 42 | 42 | 41-42| 42 | 41-42) 38-42 
5 5 3-4 5 5 2-5 
S. pullorum. ...... 3 | 3 0-2 3 0-1 | 0-3 
S. paratyphi...... 1 0 | 0-1] 0 1 0 0 
S. abortivoequina..| 1 0 | 0-1] O 1 0 0 
Proteus spp........| 2 2 2 2 2 2 2 

Escherichia coli 

3 2 0 3 0 0 
Aerobacter aer- 

1 1 1 0 1 0 0 
Shigella boydii....\ 1 0 0 0 0 0 0 
S. dysenteriae..... 1 0 0 0 0 0 0 

Uninoculated 

control (1).... 0 + 0 0 0 0 0 


* Supplemental dise content: sodium thiosulfate, 1 mg; 
ferric ammonium citrate, 1 mg. 

+ Plate with seeded layer over disc. 

t First digit (s) show 24 hr reading; second the 48 hr. A single 
entry indicates no change from first reading. 
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ferric ammonium citrate from 0 to 5 mg per dise was 
employed. Less than 0.1 mg per dise did not give black. 
ening, while 5 mg appeared to cause some inhibition of 
the reaction. Both 0.1 and 1 mg gave satisfactory tests. 

An attempt was made to utilize other indicators, such 
as lead acetate or a mixture of cobaltous and nickel 
chlorides at 1 mg per disc. These indicators were found 
to be either toxic (as shown by zones of growth inhibi- 
tion) and/or too sensitive. Discs using these indicators 
gave blackening with cultures like FE. coli and others 
which were negative on triple sugar iron agar and pep- 
tone iron agar controls. 

Buffer. It seemed logical that if fermentation inhibi- 
ted detection of H.S, as was the case in some instances, 
the addition of a buffer might yield more positive re- 
actions. Consequently, discs containing 20 mg glucose, 
1 mg sodium thiosulfate, and 1 mg ferric ammonium 
citrate plus Sorensen’s phosphate buffer pH 7.0 at a 
molarity calculated to give approximately 1, 5, and 10 
mg phosphate per disc were prepared. When tested 
with selected cultures it appeared that phosphate was 
inhibitory to detection of H.S. 

Medium and method of use. Since considerable in- 
fluence is manifested by the medium and by the manner 
of performing the test, the discs containing 1 mg each 
of thiosulfate and ferric ammonium citrate were tested 
against a large number of cultures in several ways. 
Discs were placed on the surface of a trypticase soy 
agar plate and overlayed with seeded trypticase soy 
agar. Deep tubes of trypticase soy agar were stabbed 
and discs introduced to the surface of the agar. In ad- 
dition, discs were tested on trypticase agar base stabs 
and tubes of pheno! red broth base and heart infusion 
broth. The results of this experiment are shown in table 
5. Only when discs were used in trypticase agar base 
stabs could adequate correlation with controls be ob- 
tained. When other methods were employed, cultures 
such as EF. coli showed blackening with the dises which 
was inconsistent with reactions on triple sugar iron agar 
slants. 


Discussion 


The results obtained lend support to the contentions 
of Soto (1949) and Snyder (1954) and others that paper 
dises can provide a simple and useful method for per- 
forming routine biochemical determinations with bac- 
terial cultures. The rapidity with which results can often 
be obtained, coupled with the simplicity of operation 
increase the utility of these methods. In fact, dise 
methods appear so simple that some workers may have 
a tendency to disregard instructions for use! The need 
for strict adherence to directions found to be satisfac- 
tory is apparent from the divergent results obtained 
when the same disc is employed in different ways. 

The production of hydrogen sulfide has long been an 
important and useful character for the separation and 


identification of cultures. The mechanism of its forma- 
tion, at least in routine test methods, is not clear 
however, inasmuch as several compounds can serve as 
substrates. Peptone with its content of cysteine and 
cystine serves as a source of sulfur, as does sodium thio- 
sulfate and sodium sulfite (Olitzki, 1954). Heavy metal 
salts differ in their sensitivity to the hydrogen sulfide 
produced, as well as in stability in acid and manifesta- 
tion of toxicity (ZoBell and Feltham, 1934). Oxygen is 
a controlling factor because both hydrogen sulfide and 
metallic sulfides are subject to oxidation. All this leads 
to the anomalous situation of cultures with known en- 
zymes attacking both cysteine and thiosulfate failing 
to show positive reactions in a given test. FZ. coli fails 
to blacken multiple sugar iron media although it has 
cysteine desulfhydrase (Binkley, 1943; Delwiche, 1951; 
Saz and Brownell, 1954; Metaxas and Delwiche, 1955) 
and an enzyme attacking sodium thiosulfate (Artman, 
1956). When tests are made sufficiently sensitive, such 
cultures do show hydrogen sulfide production. 

As pointed out by Cowan (1953) and also Clarke 
(1953) there is a question as to whether it is more de- 
sirable to know absolutely that hydrogen sulfide is 
produced or whether maximum differentiation (thus 
minimum sensitivity) is to be sought. In this study, 
the attempt was made to reproduce the differentiation, 
however artificial it may be, of the multiple sugar-iron 
or peptone iron media so widely used for Enterobacteri. 
aceae. 

In disc-plate hydrogen sulfide tests using discs con- 
taining glucose, the resulting ring of blackening at the 
edge of the fermentation zone is probably due to a 
balance between opposing factors. Fermentation estab- 
lishes sufficiently reduced conditions to overcome the 
deleterious effect of the high oxygen tension on the 
plate. This allows hydrogen sulfide to be formed at a 
rate which produces visible blackening due to the re- 
action with iron. Thus no blackening will occur in the 
absence of fermentation under these conditions. On the 
other hand, ferrous sulfide is unstable in acid and de 
composes to yield hydrogen sulfide again (Mellor, 1930). 
Thus only at the edge of the fermentation zone where 
the pH is sufficiently high will the black iron sulfide 
accumulate. In tubes the effect of fermentation acids 
is to prevent blackening. That the lack of blackening 
does not mean cessation of hydrogen sulfide production 
was shown by the browning of lead acetate papers sus- 
pended over tubes in which fermentation acids pre- 
vented blackening. 

While the formation of hydrogen sulfide from cys- 
teine by the cysteine desulfhydrase was described by 
Smythe (1942) and others, the exact mechanism for the 
production of hydrogen sulfide from thiosulfate remains 
obscure. Artman (1956) found a requirement for pyru- 
vate which seemed to indicate that hydrogen sulfide 
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formation from thiosulfate is linked to a reductive step 
in which pyruvate serves as the hydrogen donor. 

The data obtained in this exploratory investigation 
clearly demonstrate that paper discs can be used for 
hydrogen sulfide tests with bacteria. However, there 
are certain limitations to the systems described. Only 
the procedure of Sanders et al. (1957) seems to give 
satisfactory results on plates. The PIA disc of Snyder 
(1954) and the ferric ammonium citrate-sodium thio- 
sulfate dise devised in this study showed tests compar- 
able to PIA or TSI controls when used in trypticase 
agar base stabs. Nevertheless, after more extensive 
evaluation, these discs should prove a useful adjunct 
to the present methods. 


SUMMARY 


A study has been made of paper disc methods for 
hydrogen sulfide tests. Quantitative data are presented 
regarding the amounts of reagents necessary for ade- 
quate performance, as well as certain factors mediating 
the reactions. 

Hydrogen sulfide tests comparable to control media 
except for Salmonella pullorum were obtained using a 
dise containing | mg sodium thiosulfate and 1 mg ferric 
ammonium citrate on trypticase agar base stabs of 
enteric cultures. Other media and methods of use of this 
dise did not give satisfactory correlation with controls. 
Glucose was found essential for reactions on plate tests, 
but not in tubes. Although 1 mg glucose plus 1 mg each 
of sodium thiosulfate and ferric ammonium citrate gave 
excellent results, such a dise could not be sterilized 
conveniently. Some cultures blackened without added 
thiosulfate, but 1 mg was necessary to yield results com- 
parable to other conventional tests. The minimum 
amount of ferric ammonium citrate to show blackening 
was 0.1 mg, but 1 mg was chosen as the amount for 
routine use to insure no failures due to insufficient in- 
dicator. Peptone or cysteine could not replace thiosul- 
fate, nor did lead acetate appear to be a satisfactory 
indicator. 
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The determination of members of the genus Salmo- 
nella present in small numbers in egg solids has always 
been somewhat uncertain. Among other things, the 
nature of the product tends to reduce the selectivity 
of the various media used for their detection. Also some 
of the enrichment media tend to inhibit the growth of 
certain types of Salmonella (Ayres, 1953; Banwart and 
Ayres, 1953; Hurley and Ayres, 1953). Banwart and 
Ayres (1953) found that tetrathionate broth was defi- 
nitely inhibitory to Salmonella paratyphi and that, dur- 
ing the initia! incubation period, inhibition and actual 
destruction of Salmonella anatis occurred. In this same 
investigation, brilliant green agar was found to support 
more growth of all the types of Salmonella studied, 
while bismuth sulfite was found to be inhibitory to S. 
typhimurium, S. anatis, S. worthington, and S. oranien- 
burg. 

Selenite F broth has been recommended generally by 
most !»boratories for enrichment of Salmonella in egg 
solids. However, the results obtained with selenite F 
broth are somewhat unsatisfactory because of over- 
growth on the secondary plating medium. In some 
cases, the plates become so overgrown by acid producers 
that it is impossible to recognize a colony of Salmonella 
- on brilliant green agar, where an acid base indicator is 
used. For this reason, 2 different agars, brilliant green 
agar and bismuth sulfite agar, have been employed. 
Bismuth sulfite agar is used because it is more inhibitory 
than brilliant green agar to organisms other than the 
Salmonella. 

Because of the loss of selective properties of enrich- 
ment broth upon the addition of egg products, Stokes 
and Osborne (1955) developed and evaluated 2 modified 
selenite broth media. The first was selenite F broth 
modified by the addition of yeast extract, substitution 
of mannitol for lactose, and use of a bile salt and bril- 
liant green dye as selective agents in addition to sodium 
selenite. This broth was reported to be more effective 
in preventing growth of strains of Escherichia and Pro- 
teus than the commonly used selenite F broth. However, 
with the addition of egg solids this selectivity was 
largely lost. The second modification was made by the 
addition of sodium sulfapyridine to the first formula. 
This addition tended to neutralize the effect of egg 
products on selectivity. 


1 Present address: Purdue University, Lafayette, Indiana. 


198 


Work reported herein compares the effectiveness of 
these 2 recently developed enrichment broths with 
standard selenite F broth for the isolation of Salmonella 
sp. from commercially produced egg white solids. 


MATERIALS AND METHODS 


The following preparations of enrichment media were 
tested in this study: 1. selenite F broth (SF); 2. sele- 
nite brilliant green broth of Stokes and Osborne (1955) 
(SBG); 3. selenite brilliant green sulfapyridine broth 
of Osborne and Stokes (1955) (SBS); 4. SBS broth for- 
mulated in the laboratory from individual ingredients. 
All enrichments were freshly prepared the days on 
which they were used. Selenite F broth was made by 
rehydrating 2.3 g powder in 100 ml of water, heating 
to boiling, and holding at boiling for 7 min. For both 
SBG and SBS, 2.4 g powder were used. The broth prep- 
arations were distributed in sterile bottles and tubes 
and cooled before using. 

The laboratory formulation was prepared as de- 
scribed by Stokes and Osborne (1955) using the follow- 
ing stock chemicals: 


Per cent 
Sodium 0.1 


Distilled Water 


Three selective agars were used in this study. Two of 
these, bismuth sulfite and brilliant green agar, are rou- 
tinely used in present quality control procedures for 
the examination of egg solids. The third was a standard 
brilliant green agar to which 0.1 per cent sodium sulfa- 
pyridine had been added. 

The procedure used for determining Salmonella was 
basically the Most Probable Number’s (MPN) tech- 
nique as adopted by the Institute of American Poultry 
Industries (Ayres, 1953). Samples of 10, 1, 0.1, 0.01, and 
0.001 g were introduced in triplicate into the 4 enrich- 
ments. For the 10 g samples, 100 ml of broth were used 
and 10 ml of broth for each of the other quantities. All 
tubes were incubated 20 to 24 hr at 37 C, after which 


PH) Ff) *fD | 


sh 


19 
i 
to 
pl 
we 
wi 
ev 
Wi 
tu 
| th 
F ty 
ob 
th 
sa 
hi 
ta 
se 
a 
4 
ol 
ni 
al 
ni 
of 
te 
g 
0 
0 
ts 
| u 
b 


005 
25M 


o of 
rou- 

for 
lard 
ilfa- 


was 
ech- 
try 
and 
‘ich- 
used 
All 
hich 


1958] MEDIA FOR ISOLATION OF SALMONELLA 199 


streaks were made onto the agar plates. Salmonellae- 
like colonies were picked from the plates and transferred 
to tubes of triple sugar iron agar (TSI). Bismuth sulfite 
plates which showed no growth after 24 hr incubation 
were incubated for an additional 24 hr. All TSI tubes 
with alkaline slants, acid butts, and with or without 
evidence of hydrogen sulfide production were checked 
with a commercial polyvalent salmonella serum. Cul- 
tures which agglutinated the serum were submitted to 
the Missouri Public Health Laboratories for sero- 
typing. 

The egg white solids used in these comparisons were 
obtained from commercial sources. Each sample was 
thoroughly blended. All taken from the same lot, 21 
samples were assayed in the 4 enrichment broths. This 
lot was selected because it apparently had a relatively 
high count of Salmonella. Also, 3 additional samples, 
taken from other different lots, were evaluated using 
selenite I’ and SBS broths. 


RESULTS AND DISCUSSION 


Enrichment broths. Table 1 shows the results of ex- 
amining the 21 samples of egg white solids from the 
same lot. It will be noted that an average of less than 
one Salmonella cell per g was found when standard sele- 
nite I broth was used as the enrichment medium with 
all selective agars. The over-all average for this broth 
was 0.44 cel! per g. In contrast, enrichment in the sele. 
nite brilliant green broth (SBG) resulted in the isolation 
of many more salmonellae cells, an over-all average of 
7.67 cells per g. The best recoveries, however, were ob- 
tained by the use of the more selective selenite brilliant 
green sulfapyridine medium (SBS). With this broth an 
over-all average of 17.25 salmonellae cells per g was 
obtained, or approximately 40 times the number ob- 
tained with the commonly used selenite F broth. 
Recoveries were somewhat lower, 6.61 cells per g, in the 
sulfapyridine medium prepared from the individual 
ingredients. The reason for this difference is not clear, 
but may be due to minor variations in the laboratory 
preparation of the medium. In any event, isolations of 


Salmonella were still much greater than with selenite F 
broth. 

One hundred per cent of these 21 samples yielded 
Salmonella when enriched in SBS medium, but only 
about 75 per cent were positive with the selenite F 
broth. Moreover, serious difficulty due to overgrowth 
by contaminants was encountered on the selective agar 
streaked from selenite F broth, whereas this was not 
the case with plates streaked from the SBS broth en- 
richments. This is an important advantage of the latter 
medium and probably accounts, in large measure, for 
the better recoveries of Salmonella obtained with it. 

Selective agars. The type of selective agar used to 
isolate Salmonella from enrichment broths may effect 
the number of cells isolated (Banwart and Ayres, 1953; 
Hurley and Ayres, 1953). Results here, however, show 
little differences between bismuth sulfite, brilliant green, 
and brilliant green sulfa agars. The principle exception 
was the low MPN value obtained when brilliant green 
agar was streaked from selenite brilliant green enrich- 
ment broth. The addition of sulfapyridine to brilliant 
green agar did not improve the isolation of Salmonella. 
Colonies on this agar tended to be smaller than those on 
the medium without sulfapyridine. This suggests that 
extended incubation periods might be necessary with 
the sulfapyridine modification. 

Salmonella types isolated. The types of Salmonella iso- 
lated in this study are shown in table 2. Only 2 types of 
Salmonella, S. oranienburg and S. tennessee, were re- 
covered from the egg white solids when selenite F broth 
was used as the enrichment medium. Both types were 
isolated from brilliant green agar plates, with S. oranien- 
burg accounting for 80 per cent of the isolations. Only 
S. oranienburg was isolated from bismuth sulfite plates. 

Enrichment in selenite brilliant green broth followed 
by streaking on brilliant green agar resulted in the iso- 
lation of four types: S. oranienburg, S. montevideo, S. 
menston, and S. stanley. Again, only S. oranienburg ap- 
peared on the bismuth sulfite plates. From the brilliant 
green sulfapyridine agar plates 3 types were found: S. 
oranienburg, S. tennessee, and S. schwarzengrund. 


TABLE 1 
Salmonella counts obtained on 21 samples of egg white solids (lot A) with various enrichment broths and selective agars 


Selective Agars 


Bismuth sulfite Brilliant green Brilliant green sulfa All 
Enrichment Broths | 
| Most probabable numbers (MPN) 
| Range Avg* Range Avg* Range | Avg* Avg 
| <.03-6.4 0.64 < .03-3.6 0.45 < .03-1.3 0.24 | 0.44 
Selenite brilliant green (SBG)... .| .06-110 7.46 .03-2.0 0.54 < .03-15 | 3.50 | 7.67 
Selenite brilliant green (SBS) sul- | 
| ..07-110 15.30 .11-110 16.40 -11-110 | 20.00 | 17.25 
SBS, Laboratory prepared........ | .09-29 4.47 .15-110 11.50 -07-21 | 3.85 | 6.61 


*In averaging, count of less than 0.03 per g taken as 0. 
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The use of selenite brilliant green sulfapyridine en- 
richments followed by streaking on brilliant green agar 
yielded more types of Salmonella than the other 2 en- 
richment broths. Of the 7 types encountered in the egg 
white solids, 5 were isolated from the SBS enrichment. 
The limitations of bismuth sulfite agar were again evi- 
dent since only 2 types of Salmonella were isolated from 
these plates and 80 per cent of these colonies were S. 
oranienburg. Similar results were obtained with both 
the commercial form of SBS and the laboratory pre- 
pared medium. 

The predominance of S. oranienburg on the bismuth 
sulfite plates was somewhat unexpected in view of the 
report by Banwart and Ayres (1953) of the inhibition 
of this organism by bismuth sulfite. This variation may 
be due to strain differences. It is of interest that all of 
the strains found here were anaerogenic. 

The above results suggest that the larger number of 
Salmonella recovered from egg white solids after en- 
richment in SBS broth compared to selenite F broth 
may be due to its ability to support the growth of a 


TABLE 2 


Types of Salmonella isolated from egg white solids with various 
combinations of enrichment broths and selective agars 


| Bismuth Sulfite | Brilliant Green | Brilliant Green 
Agar Agar Sulfa Agar 
| ] 
Salmonella SB |SB 'SB | |SB 
| Number of isolates 
| 1 | | | | 
S. oranienburg.... 14 1412 8/5) 6 7 | 3) 2|7 
S. montevideo. .... | 2 Be 
S. thompson. ..... | | 
S. menston........| 1| | | 
S. stanley......... 1 | 


*SF = Selenite F broth; SBG = Selenite brilliant green 
broth; SBS = Selenite brilliant green sulfapyridine broth; and 
SBSL = SBS prepared in the laboratory. 


TABLE 3 


Comparison of selenite brilliant green sulfapyridine and selenite 
F broths for the isolation of Salmonella from egg white solids 


No. of Salmonella per g* Per cent Positive Samples 


Egg White 
SBSt | SF | SF 
B | 0.019 | 0.025 100 75 
C | 0.047 | 0.007 7% | 
D 0.072  <0.03 75 0 


* Average Most Probable Number of four replications. In 
averaging, count of less than 0.03 per g taken as 0. 

+SBS = Selenite brilliant green sulfapyridine broth; 
SF = Selenite F broth. 
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greater variety of salmonellae types. This apparently 
greater selectivity of the SBS broth is probably the 
result of inhibiting growth of competing extraneous 
bacteria which could overgrow and limit growth of 
Salmonella. 

A further comparison of SBS and selenite F broth 
using three samples of egg white solids from other lots 
is shown in table 3. The number of Salmonella isolated 
and percentage of the samples which were positive are 
again seen to be greater with SBS broth than with 
selenite F broth. These lots apparently had lower 
incidence of Salmonella than the first lot and differ. 
ences in MPN counts were not as great. 

The results with the new SBS enrichment broth seem 
to be promising and support the findings of the pure 
culture studies of Stokes and Osborne (1955). However, 
despite the considerable amount of work involved in 
the present investigations, only relatively few samples 
of egg white solids have been assayed. Additional anal- 
yses are needed, therefore, to establish firmly the ad- 
vantages of the SBS enrichment broth over the standard 
selenite F broth. Moreover, the two broths need to be 
carefully compared for the isolation of Salmonella from 
whole egg and yolk solids. It has been observed in the 
authors’ laboratory that some types of Salmonella 
which are rarely found in egg white solids occur fre- 
quently in whole egg and yolk solids. This fact empha- 
sizes the need for such a comparative study. 
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SUMMARY 


Two recently developed enrichment media of Osborne 
and Stokes (1955) for the isolation of Salmonella from 
egg products were compared with the currently used 
selenite F broth in analysis of commercial egg white 
solids. Larger numbers of Salmonella were recovered 
from egg white solids, a greater percentage of the 
samples was positive, a wider variety of serological 
types of Salmonella were isolated with the new enrich- 
ment media than were obtained with selenite I’ broth 
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The membrane filter, also known as molecular filter, 
is valuable for its ability to permit passage of large 
volumes of fluid and yet retain on its surface particles 
of bacterial size. The history of its development and 
some of its properties have been reviewed by Goetz 
and Tsuneishi (1951). Other properties and_ specifi- 
‘ations are available from the manufacturers.? At 
present details of manufacture are not available to the 
public. 

While use of the membrane filter (MIF) has not been 
restricted to the field of bacteriology, this has been its 
chief area of application. Bacterial cells deposited from 
liquid or air suspension on the upper surface of the MF 
are able in many instances to grow to individual, dis- 
crete colonies when the filter is placed on a suitable 
nutrient surface such as an agar, or a blotting paper 
saturated with a liquid medium. Successful use of the 
MF has depended on the development of suitable nu- 
trient media and this has progressed most rapidly in the 
field of sanitary bacteriology. Aside from the coliforms 
and enterococci, growth of several other organisms has 
been described. Rogers et al. (1955) and Morgante and 
Murray (1955) reported on cultivation of the tubercle 
organism; Orlando and Bolduan (1953) demonstrated 
growth of a variety of bacteria and fungi imperfecti 
on the MF. Gaspar and Leise (1955, 1956) studied 
growth of Brucella melitensis and Bacterium tularense 


' This work was supported by the Office of Naval Research 
and the Bureau of Medicine and Surgery under ONR contract 
with the University of California, Berkeley, California. 

*The opinions contained in this report are not to be con- 
strued as reflecting the views of the Navy Department or the 
Naval Service at large. (Article 1252 U. 8S. Navy Regulations, 
1948.) Reproduction in whole or in part is permitted for any 
purpose of the United States Government. 

*The Millipore Filter Corporation, Watertown, Massa- 
chusetts (Millipore filters); Carl Schleicher and Schull Co., 
Keene, New Hampshire (Bactiflex filters). 


(Pasteurella tularensis) on the MF. Goetz and Tsuneishi 
(1956) described a method for cultivation of Desul- 
fovibrio aestuarii on the filter. 

In connection with other work in progress, it was 
noted that inconsistent and erratic viable counts of 
several organisms were frequently obtained on the MF. 
This report presents attempts at elucidating possible 
sources of this variability. No one factor seemed to be 
operating. It would seem that medium satisfactory for 
use in other applications is not necessarily useful for 
MF practice. A poor medium would help to explain 
the poor recovery of viable cells frequently encountered 
in this work, but it would not explain the variability in 
replicate counts. 


MATERIALS AND METHODS 


Filters and filtration equipment. Most of the work was 
done with the commercially available Millipore filters. 
Filters made by Goetz were used in several comparative 
trials. Filters have been sterilized by exposure to radi- 
ation from Sterilamps* (or an equivalent make) or to 
ethylene oxide or Carboxide*®; however, the manufac- 
turers now recommend conventional steam sterilization 
at 120 C for 10 min. To increase ease of handling, the 
filters can be separated by the nutrient pads. A con- 
venient holder and dispenser for MF was constructed 
of stainless steel in the shape of a trough half the diam. 
eter of an MF in height and long enough to hold 100 
to 150 MF, interleaved with nutrient pads. These pads 
were notched to facilitate withdrawal of the MF and 
were used repeatedly. A close-fitting sliding top, of the 
same dimensions as the bottom, afforded adequate 


4 Westinghouse Electric Corporation, Bloomfield, New 
Jersey. 

5 Trade name for a mixture of 90 per cent carbon dioxide and 
10 per cent ethylene oxide, marketed by the Union Carbide and 
Chemical Company, New York, New York. 
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protection to the MEF during. sterilization and 
storage. 

Because of certain shortcomings for the experiments 
described, commercially availabe filtration equipment 
was not used; instead a unit was designed and built 
locally. Rogers ef al. (1955) have depicted and described 
the usage of an earlier modification of the design finally 
chosen. The currently used model differs only in that 
the supporting screen is soldered to an annular metal 
ring which in turn rests on a Neoprene “QO” ring. 
Dimensions of the ‘O” ring (and the groove in which 
it rests) were chosen so that it was under slight com- 
pression when the top portion of the assembly was 
clamped down by the 2 locking rings. In this way a 
positive seal was readily obtained between the filter 
leaf and the metal portions of the holder. The funnel 
support, depicted by Rogers et al. (1955) has been 
retained since it offers a firm, nontiltable base and re- 
duced the over-all height of the filtering unit, a feature 
especially desirable when work is being done in a 
bacteriological safety hood. 

Other equipment. Glass Petri dishes were used in the 


manner originally described by Goetz (1951) for some — 


of the work. This system, while adequate in most 
respects, was somewhat cumbersome. The availability 
of plastic dishes® designed for the purpose overcame this 
objection, but introduced the requirement for steriliza- 
tion by ethylene oxide.’ To facilitate gaseous steri- 
lization without having to leave each dish open during 
the process, a small hole (no. 51 drill) was drilled 
through the side of the dish so as to pierce both top 
and bottom and so allow free access of the gas to the 
interior. For subsequent incubation the top of the dish 
was rotated slightly to minimize evaporation of the 
medium. Before admission of the sterilant (Carboxide) 
to the modified steam sterilizer, a vacuum of 15 to 20 
in. Hg was drawn to facilitate replacement of the air 
inside the dishes with the gas. On completion of the 
exposure period, alternate evacuation and return to 
atmospheric pressure served to flush out the sterilant. 

Cornwall syringes® were used to introduce medium 
into the dishes when large numbers of replicates were 
needed. 

Other materials, such as media and organisms, will be 
described with each experiment. 

Procedures. Counting of colonies on MF was done 
under the 10X power of a binocular dissecting micro- 
scope, using oblique incident illumination. Other pro- 
cedures will be described with each experiment. 


§ Millipore Filter Corp., Watertown, Massachusetts; Falcon 
Plastic Products, Culver City, California. 

7 Presterilized dishes are now available from the above 
suppliers. 

8 Becton Dickinson Co., Rutherford, New Jersey. 


RESULTS 


Concentration of the medium. The published formula 
for a medium was termed the 1X _ concentration, 
Fractions or multiples of this concentration were tested 
by placing filters, each of which had received com- 
parable inocula of the organism under study, on pads 
soaked with medium. Data in table 1 demonstrate that 
there is probably no sharp optimum in medium con- 
centration for any of the seven bacterial species tested, 

Volume of medium. Medium from 1.5 to 4.0 ml per 
pad was added to a number of replicate pads on which 
were placed filters previously inoculated with aliquots 
of bacterial suspension. Serratia marcescens and Pas- 
teurella pestis A1122 were tested on two media each. 
One and a half to 2 ml of medium appeared to be opti- 
mum for the pads used. 

Variability of the MF. Attempts were made to assess 
and explain the variability between replicate counts on 
the basis of physical and biological factors. 


Physical Factors 


Fifteen to 20 filters of 6 different lot numbers were 
weighed to the nearest mg. Each filter was then cast 
on a dilute solution of carbol fuchsin in such a manner 
that it landed squarely on the surface of the dye. The 
time taken for about 45 of the area of the filter to be 
penetrated by dye was clocked with a stopwatch. As 
seen from table 2, average weights on a lot basis ranged 
from 70 to 92 mg. Variability within lots was even 
greater. Similarly, wetting times were variable, with 


TABLE 1 
Effect of concentration of medium on growth of several bacterial 
species 
Limits* of Conc. of 
Medium Supporting 
Organism Medium Growth 


Lower Upper 


Malleomyces pseudo- | Bacto nutrient broth) <0.25xX | >4xX 


mallei +1% Glycerol <0.25X | 2-4X 
+2% Glycerol <0.25X | 2-4X 
+4% Glycerol <0.25x | 24X 
+8% Glycerol <0.25X | 2-4X 


Malleomyces mallet | Bacto nutrient broth} <0.25x | >4X 


+2% Glycerol <0.25X | >4X 

+4% Glycerol 1-2X 2-4X 
Brucella suis Albimi broth 0.25-0.5X 2-4X 
Brucella melitensis | Albimi broth <0.25X | 24X 
Bacillus anthracis Nutrient broth 0.5-1.0X | 24X 
Pasteurella pestis Heart Infusion 0.5-1.0X | 24X 

139L broth 

Serratia marcescens | Nutrient broth <0.25X | >4X 


Bunting medium | 0.25-0.5x) 24X 
after 24 hr 

Bunting medium 
after 48 hr 


<0.25X 4x 


*The published concentration is termed 1X; 0.25X is 
quarter strength, ete. 
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the greatest variation taking place in those lots of 
filters which wetted the slowest. In comparing counts of 
a bacterial suspension (table 3) done with these same 
lots of MI’, definite correlation could not be observed 
between the physical measurements and the colony 
counts since all lots were grossly unsatisfactory with 
the organisms and media used. From table 4 there is 
a suggestion that those MF from lots with fast wetting 


TABLE 2 
Physical variability in membrane filter lots 


Weight (mg) Wetting Time (sec) 

MF Lot No. | No. Tested | 
| Avg | High/Low Avg | High/Low 
251218 20 73.6 | 89/61 4.9 7.0/3.2 
250403 20 92.3 | 97/87 | ee 2.0/1.0 
250408 20 86.5 90/83 i ae | 1.4/1.0 
251002 15 82.5 | 85/81 3.0 4.2/2.2 
350331 15 85.3 92/76 ee 14.0/3.2 
251106 15 69.6 | 81/56 5.9 9.0/3.8 

TABLE 3 


Biological variability tested with Pasteurella pestis A1122 
growing on heart infusion broth-TrB* medium 


Replicate MF Giving Indicated No. of Colonies 
MF Lot No. 


3 | 4 >4 


1 


251218 
251002 
250408 
250403 
350331 
251006 | 


oon 
awnran 
coocooco 


* An extract of red blood cells treated with trypsin under 
slightly alkaline conditions. 

Expected, on basis of viable count on agar, 74 colonies per 
MF. 


times (250403 and 250408) were better than MF from 
lot 251002. 

A number of different species were tested on various 
batches of MF, obtained either from the Millipore 
Filter Corporation or from Dr. Goetz. Growth of cells 
of S. marcescens only was obtained in numbers ap- 
proaching that expected on the basis of colony counts 
on agar (table 4 and 5). 


Biological Factors 


Role of relative humidity. Goetz (1951) has stated that 
a saturated atmosphere over the growing culture was a 
sine qua non for staisfactory application of the MF. 
Largely as a result of the observed variability of the 
MF counts, several trials were carried out to determine 
if humidity was playing a restricting role. Two such 
trials will be described. Plastic and glass dishes were 
compared under 2 sets of incubation conditions, using 
P. pestis as the test organism, in from 13 to 20 replicates 
per variable. Glass Petri dishes were used according to 
Goetz (1951) while another set was further enclosed 
with a glass tray sealed to the bottom one with tape. 
One set of plastic dishes was used normally, while 
another was further enclosed in a sealed can lined with 
water-soaked towel. From the data in table 6, it ap- 
pears that the original method of Goetz, that is, glass 
dishes on a soaked towel, prevented development of 
maximum number of colonies. The probability of get- 
ting a difference in the averages between the 2 glass 
dish series by chance, was calculated to be much less 
than 1 to 100. Similarly, the difference in averages 
between the 2 plastic dish series proved to be statis- 
tically significant. No significance could be attached to 
the difference between the plastic dishes in a humid 
atmosphere and glass dishes over a wet towel. However, 
the difference between plastic dishes as regularly used 


TABLE 4 
Variability of membrane filter. Evaluation of 6 lots of membrane filter with 4 strains of bacteria 
Colony Count on MF Lot No. Specified Expected 
Strain Medium Colony 
250403 | 230408 | 450128 | 450112 | 450103 | Goetz C- 
Pasteurella pestis Heart infusion broth in No. MF Mm | & | 14 | 15 14 15 | 
nutrient pad Avg 80 2% | 2 | 84 4 2 | 370 
Range 28-124 | 14-47 | 6-44 | 30-197 | 0-15 0-20) 
Serratia marcescens Nutrient broth in pad No. MF 15 15 | ms | 15 13 | 
Avg 58 58 72 | 82 66 43 | 73 
Range 36-78 | 42-114 59-80 | 41-61 45-82. 0-67 | 
Serratia marcescens No. MF 15 $e AG ES 15 13 
Avg 28 29 25 32 
Range 20-35 | 20-51 | 18-34 | 22-43 | 21-39 | 21-33 
Malleomyces pseudomallei | Glycerol broth in pad No. MF 9 14 | 15 15 15 
(S) Avg 5 18 130 
Range 0-54 1-30 0-11 3-38 | 2-33 
Malleomyces pseudomallei No. MF 8 | 15 15 13 15 
(R) Avg 6 | 12 14 17 7500 
Range 6-24 | 5-27 0-20 | 5-22 | 12-23 
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and glass dishes held in a sealed compartment was 
significant. 

Preincubation of suspensions. In some of the work 
carried out in a search for the causes of variability, it 
seemed that those MF which had been inoculated at the 
end of a series of replicates had higher and more con- 
sistent counts than did those prepared at the beginning. 
As a test of this possibility, 2 series of replicate suspen- 
sions of P. pestis were filtered, one set immediately 
after preparation of the suspension and another 30 
min later. In the first trial (table 7), there was no ap- 
parent difference between the 2 series, whereas holding 
for 30 min did appear to be detrimental in the second 
trial. 

Penetration of MF by bacterial cells. It has been amply 
demonstrated that the MF is reasonably bacteria tight. 
However, we were using not only MF of a new make 


TABLE 5 


Variability of membrane filter. Pasteurella pestis, growing on 
heart infusion broth-TrB* medium 


Colonies per MF 


Filter Lot No. | 
| Individual MF Avg 
2028-2 o| 2/ 7.7 
0 16 2 
2028-9 0 | 13 | 20 | 13 8 8.0 
4 9 
2049-7 9180 | 83 | 112 20 69.0 
| $3 | 65 | 43 | 61 0 
2115 | 27 | 78 | 27 | 68 63 40.0 
35 3 | 59 | 2 23 
2088 12 5 | 23 | 86 58 31.0 
3 | Ct| | 81 3 
2074 33 | 91 1 | 63 4 30.0 
| 48 | 85 | 38 2 
251218t | 0 0 | 3,0, 6, 12 3.5 
| 1 | 12 | 4 3 | 0,5,1,0 


* An extract of red blood cells treated with trypsin under 
slightly alkaline conditions. 

+ Contaminated. 

t Made by Millipore Filter Corp., all others of Goetz manu- 
facture. 

Based on viable count on agar each MF should have had 
over 500 colonies. 


TABLE 6 


Effect of humidity in incubator space on growth of Pasteurella 
pestis. Comparison of glass and plastic Petri dishes 


| | i 
| No. MF | Colonies per MF 


Variable | Tested | 
| | Avg o* 
Plastic dishes | Humid | 20 | +60 
Regular | 19 179 | 34 
Glass dishes over wet Nonsealed, 13 | 158 36 
towels Containers 
| Sealed | 13 | 198 37 
Containers | 


* Standard deviation. 


but a filter holder of a new design. The test to be 
described, then, was carried out to vindicate a filtra- 
tion system, not just the filter medium itself. Although 
over 1 X 10‘ cells of P. pestis were deposited on each of 
20 filter leaves, a vanishingly small number of viable 
cells was found in the effluent from these filters when the 


TABLE 7 


Effect of incubation in saline prior to filtration on the develop- 
ment of Pasteurella pestis on membrane filter 


Colonies per MF 
Variable Trial 1 Trial 2 
Ave Range Avg | Range 
12 0-30 49 0-139 
30 Min in saline..... 11 0-30 79 0-191 
TABLE 8 


Attempts to dislodge bacterial cells from membrane filter 


Colonies per 


| Total No. Ex- 
Species | Method* pected Colonies Total 
| (Agar Count) MF Wash 
fluid 
Serratia mar- | A 2400 ca. 1000 | 1235 
cescens ca. 1000 900 
ca. 1000 | 1520 
B 2400 ca. 1000 475 
ca. 1000 | 1710 
ca. 1000 | 1235 
ca. 1000 152 
Cc 240 162 83t | 245 
148 76 =| 224 
190 72 =| 262 
149 78 =| 217 
143 87 | 230 
176 87 | 263 
Control 240 260 
on C 229 
243 
240 
237 
Pasteurella A ca. 9000 43 0 43 
pestis 147 142 | 289 
137 94 | 231 
180 188 | 368 
181 94 | 275 
| B ca. 9000 156 0 | 156 
| 64 142 | 206 
238 284 | 522 
105 188 | 293 
100 570 | 670 
170 47 | 217 
Cc 865 120 120 
226 1 | 227 
246 2 | 248 
183 O | 183 
158 3 | 161 
183 1 | 184 
* See text. 


+ This and figures below are colony count of receptor MF. 
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filtrate was re-run through fresh MF or a portion tested 
(by the dropping pipette method) on solid medium. 

Removal of cells impinged on MF. Although not 
strictly germane to the subject at hand, it was of interest 
to see if the bacterial cells once impinged on the filter 
surface could readily be removed. To be of use as a 
concentrating device by the bacteriologist, cells should 
be removable, preferably quantitively. Three methods, 
with 2 different bacterial species were used to assess 
this point. In method A (table 8), inoculated MF were 
rinsed with a pipette in 5 ml peptone water. In method 
B, the MF were placed in a flask together with 5 ml 
peptone water and the flask placed on a circular-motion 
shaker for about 15 min. In both instances, the bacterial 
cells in the peptone water were counted by dropping pi- 
pette method on appropriate solid medium; each MF was 
also placed on a nutrient-soaked pad and incubated for 
counts of the residual cells. In method C, a sterile MF 
was placed on the screen support of the MF holder; on 
this was then placed another MF, face down, which had 
received an inoculum just previously. After clamping 
down the upper portion of the filter funnel, 25 ml of 
saline were poured through the 2 MF. These were then 
removed, separated and cultured as above. In table 8 
it is seen that the first two methods of washing the MF 
removed not over 14 of the impinged cells of S. mar- 
cescens. With P. pestis, the total recovery was far less 
than that indicated by the viable count of the filtered 
suspension. As it was, about '4 the total of that which 
was recovered was found in the wash fluid. In the at- 
tempts to back-rinse MF, S. marcescens appeared less 
tightly bound to the MF surface than did P. pestis. 
Of the numbers of the former organism, 24 were re- 
tained by the first MF, whereas with the latter, over 
95 per cent were so retained 


DIscussION 


As with any new material and its application to 
established procedures, the membrane filter required 
considerable developmental work. From the foregoing 
results it seems that there are still certain areas in the 
field of bacteriology where further work is required be- 
fore the membrane filter can be considered to be entirely 
satisfactory. 

Interpretation of much of the data presented is ren- 
dered difficult because of the variability in replicate 
counts and attempts to ascertain the cause(s) of this var- 
lability failed. However certain findings stand out. Cul- 
ture media devised on the basis of other uses may not 
be satisfactory for use with MF; McCarthy (1955) has 
expressed the view that more satisfactory media for 
use with the MF is a most urgent need. This may well 
be true in specialized instances, such as when a selective 
and/or differential medium is required. Inadequate cul- 
ture media may be the basis for the variability in counts 
reported here; it is conceivable that some of the cells 


in the population being filtered are borderline with re- 
spect to nutritional requirements and under the condi- 
tions which exist on the filter (in contrast to those on an 
agar surface) such cells are unable to reproduce to the 
point of producing courtable colonies. There appears 
to be no great restriction in concentration of ingredi- 
ents in the media tried. The desirability of using blotter 
pads impregnated with liquid media in preference to an 
agar surface seems to be questionable. Kutscher (1955), 
among others, is of the opinion that agar is to be pre- 
ferred. We too have observed in a number of instances, 
where comparisons were made, that agar supported 
earlier growth, and somewhat more consistent quanti- 
tative results were obtained. Selection of the optimum 
volume of liquid medium to be used in the nutrient 
pads must be governed by the thickness of the pad; it is 
not desirable to have more than a drop of medium un- 
absorbed by the pad. Contamination of the medium by 
growth from the upper side must be avoided and this is 
best done by refraining from the use of too much liquid 
medium and by employing aseptic technique. 

It is obvious that some steps must be taken to prevent 
drying out of the medium; if this is not done the filter 
lifts off the surface and no flow of nutrient is possible. 
From the data presented it would seem that the seal 
afforded by the plastic dish is sufficient for incubation 
periods of up to 2 days. On the basis of this work and 
according to Slanetz and Bartley (1955) saturated 
humidity, as described by Goetz (1951), may not be 
required; on the other hand, Geldreich e¢ al. (1955) are 
insistent that saturated conditions are indispensable and 
suggest the use of a parafilm wrap around Petri dishes. 

Because of the variability in replicates, it cannot be 
said with certainty that correlation existed between 
physical characteristics and the suitability of the MF 
for quantitative counts. However, unpublished work of 
Meyers and Wolochow has indicated that, on certain 
filters which were not wetted uniformly during fil- 
tration, growth of the inoculum subsequently failed to 
appear in the unwetted areas. On this basis, it is en- 
tirely possible that a similar situation existed with 
respect to flow of nutrient to the impinged cell on the 
filter surface, thus contributing to the variability in 
counts which was so frequently encountered. 

Loss of bacterial cells either through the MF itself 
or around it was not found in these experiments; how- 
ever it seems that the cells do penetrate into the MF to 
a certain extent or else are firmly held by some other 
force since it was not possible to rinse cells readily from 
the filter surface. 
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SUMMARY 


Equipment for use with the membrane filter is des- 
cribed. It was found that the filter method for counting 
viable organisms was not reliable when certain organ- 
isms were tested. Some of the factors studied in an 
attempt to elucidate the cause(s) for the variability 
encountered were: concentration of medium, volume of 
medium in the nutrient pad, comparison of variation 
between lots of filters, humidity, and age of suspension 
before filtration. None of these factors was found to be 
responsible for the observed variability. The filtration 
system (filter and funnel) was shown to retain over 
99 per cent of cells impinged on the filter; these cells 
were thereafter removed with difficulty. 

It was felt that the main sources of bias is probably a 
function of the media used as well as variability in 
the filter medium itself. 
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Microbiological Process Report 


Biological Factors Influencing the Effectiveness of Wood 


Wood preservation arose as an art long before plant 
pathology or any scientific microbiology was developed 
(Baechler, 1956). Its early scientific help therefore 
had to come from the chemists. The recent intensive 
attention to biological factors and bioassay was long 
overdue. 


Preservatives Produced by the Tree 


The commonest wood preservatives are the natural 
toxicants that are mainly responsible for the varying 
amounts of decay resistance in untreated heartwood. 
There are volatile materials in some woods that are 
effective against fungi and green plants while they last 
(Sowder, 1929; Weintraub and Price, 1948), as well as 
water-soluble materials that favor fungi (Findlay, 
1956). It is true that the correlation between decay 
resistance and the amount and toxicity of extractable 
material has not been good even within the same species 
(Scheffer et al., 1944), but this is also true for extracts 
from preservative-treated wood. The tree is therefore 
logically the first biological variable to consider. The 
differences between the most important tree species 
both in their natural decay resistance and in their 
ability to absorb artificial preservatives are fairly well 
known as a result of practical experience. Analysis of 
the differences within species to determine the contri- 
butions to natural resistance of such factors as age and 
size of tree, position in tree, and genetic differences 
between trees has been made particularly in the classi- 
‘al statistical studies by Scheffer et al. (1949) and 
Scheffer and Hopp (1949) on locust and white oak. Cor- 
respondingly thorough studies on variation within 
species in relation to treatability have not been en- 
countered. For use in boats and ships, the natural pre- 
servatives in the wood have continued to be more im- 
portant than artificial preservatives. It is true that most 
of the practical interest in industry is undoubtedly in 
the factors that influence success of artificial preserva- 
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tives, and most of the current work properly bears on 
them. In the numerous species in which the sapwood is 
not wide however, it is important to the success of treat- 
ment with artificial preservatives that the heartwood 
which they are unable to penetrate shall have a fair 
amount of natural preservative in it. 


Damage to Wood Before Preservative Treatment 


Failures of treated poles and piling have sometimes 
occurred in which the cause was incipient decay in- 
fection while the timber was being seasoned before 
treating. Decay reduces bending strength and _ par- 
ticularly shock resistance at stages so early that color 
and hardness have been little affected and inspectors 
may fail to detect it (Lindgren and Erickson, 1957). 
In southern pine, both climate and the high proportion 
of sapwood make it difficult to avoid such infection. 
Southern pine poles awaiting treatment sometimes 
become worthless in 3 months, or are treated and then 
become the subject of dispute between supplier and 
user, a situation that has led wood-preservers to do a 
large share of their treating without waiting to season 
the wood. The acidity indicator Alizarin red 8, pre- 
viously used by Scheffer (Anonymous, 1954) for sap- 
wood detection, was found by Lindgren (1955) to turn 
yellow on infected wood. This indicator greatly im- 
proves the situation and can aid inspectors to recognize 
weakened poles before treating. After the wood is 
fully dry, the indicator result may be less certain, 
because sound sapwood in drying becomes more acid, 
approaching the yellow range of the indicator. 


Fungi Affect Penetration of Preservatives 
q 


One of the most interesting recent biological de- 
velopments is the effect of fungi on penetrability of 
wood. Variation in permeability has always plagued the 
wood preservers. It has been explained only in part by 
anatomical and physical studies of the wood. It was 
known that decay and in some cases stain infections 
increased permeability, but it remained for Lindgren 
(1952) to show how large is the effect of nondecay or- 
ganisms in this direction. In green sapwood pine posts, 
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Lindgren induced heavy growth of the nondecay fungus 
Trichoderma viride by superficial spraying with a fluo- 
ride which prevented early entry of competing organ- 
isms. The moldy posts when given a nonpressure treat- 
ment with creosote retained from 4 to 6 times as much 
as did posts from the same original lot that had been 
protected from the Trichoderma infection. Also, pene- 
tration of the preservative into the wood was much 
deeper. Posts that had not been protected from the 
miscellaneous molds that develop more or less heavily 
on wood while green were intermediate in amount 
absorbed. Similar though less marked differences were 
obtained with sap sweetgum and Douglas-fir. In mold- 
infected wood, the parenchyma cells of the wood rays 
are punched out by the fungi, opening channels for 
radial movement of liquids. Some of the early disagree- 
ment between laboratory investigators and field workers 
on the value of nonpressure preservative treatments 
was due to use in the laboratory trials of wood that had 
been carefully protected from infection during sea- 
soning, and was, therefore, less permeable than the 
mold-infected wood that is commonly used in posts 
and other high-risk situations. The effect of molding 
is not all on the credit side, since molded posts also 
absorb more water when exposed to rain; the drying 
rate is also increased, but not as much as the absorption 
rate. 

Not all infections increase permeability. “Bacterial 
wetwood”’ is generally prevalent in the elms and true 
poplars while the trees are living. Wetwood common in 
aspen has been found by Pillow (Unpublished Report) 
and Clausen ef al. (1949) to be low in permeability; 
the infection may help explain the serious irregularity 
in penetration of treatment that has been characteristic 
of aspen posts. The agency of the bacteria in causing 
the change has yet to be proved in aspen, but similar 
wetwood conditions have followed bacterial inoculation 
in Lombardy poplar (Seliskar, 1952) and in elm (Carter, 
1945). 


Fungus Differences in Resistance to Preservatives 


It is common knowledge that. preservatives that are 
generally effective suffer defeat in some places. Purely 
physical conditions could be suspected as the cause of 
locality differences. For example, alkaline soil or water 
could hasten the solution and loss by leaching of penta- 
chlorophenol. But there is reason to suspect that the 
most important effect of local differences in soil or 
climate is indirect, through causing differences in the 
fungus flora. For example, considering natural toxi- 
cants, Douglas-fir made a considerably better showing 
against the hardwood fungus flora encountered in a 
stake trial in Costa Rica (Scheffer and Duncan, 1947) 
than it sometimes does in its own territory. In the 
artificial preservative field, local concentrations of 
Poria vaporaria or other copper tolerant fungi have 


been blamed in Europe for differences in performance 
of poles with the Boucherie copper sulfate treatment 
(Findlay, 1953). Independent unpublished studies by 
Catherine Duncan at Madison, Wisconsin, and by 
Young and Hartley at Beltsville, Maryland, have 
shown Porta cocos, the interesting tuckahoe fungus, 
isolated from failures of a copper preservative in a 
Florida post line, to be highly tolerant of copper naph- 
thenate and copper sulfate. 

Tolerance to pentachlorophenol has been reported 
for one or more of the ascomycetes and imperfects 
that cause the soft rots which Findlay and Savory 
(1954) have been exploring in cooling tower slats and 
elsewhere. These soft rots often replace the usual decay 
fungi in wood kept continually wet by excessive rain 
or by tide action, and also in the special situation of 
the redwood slats in cooling towers. Where conditions 
favor them, both laboratory tests and field experience 
indicate that some preservative other than the chloro- 
phenols would be preferable, copper, for example, to 
which the soft rots appear susceptible. Lindgren makes 
the interesting suggestion that since the typical soft 
rots attack the interior of the cell wall, they may be 
more susceptible, in general, to water-borne presery- 
atives that can enter the wall than to the oil-borne 
which are more likely to remain in the cell cavity. 

There are numerous laboratory reports concerning 
individual decay fungi that are highly tolerant to 
particular toxicants. Carswell and Hatfield (1939) 
found a relatively high tolerance to B-naphthol and a 
creosote for the white rots and a copper intolerant 
brown rot fungus; the white rots do well against some 
anions (Rabanus, 1931). Zabel (1954) and Schulze et al. 
(1950) bring together a number of such reports, most of 
which have been based on trials in vitro. Integrated 
field and laboratory studies would probably show field 
failure of some preservatives other than copper to have 
been due to local abundance of specifically tolerant 
decay fungi. 

An interesting example of unpredictability is fur- 
nished by Rabanus’ (1931) results with 2 arsenicals 
tested against 17 species of decay fungi. The 2 fungi 
least tolerant to the phenyl arsine oxide (CsH;AsO) 
were among the most tolerant to As.O;. Coniophora 
puteana, while low to both the arsenicals, proved highly 
resistant to copper sulfate. No one of the fungi in the 
various laboratory trials encountered has been con- 
sistently tolerant enough to the different fungicides to 
give promise as a general test organism to use in bio- 
assay of preservatives. 


Fungus Variation and Choice of Preservatives 


There are several studies in which a number of fungi 
have been tried simultaneously against the same toxi- 
‘ant, giving some basis for comparing toxicants for 
universality of effect, but no toxicant that will with- 
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stand leaching has proved efficient against all fungi. 
Commonly, the lowest concentration of a particular 
fungicide that will prevent growth (the threshold) 
is at least 10 times as large for the most tolerant fungus 
as for the least tolerant, when any considerable number 
of fungi are tried, and the ratio frequently exceeds 20 
or 30. The obvious inference for materials like wood 
which need protection against fungi is to use a mixture 
of fungicides of different types. Some of the preserva- 
tives in common use that consist of mixtures of salts, 
and the combinations or alternations of fungicides used 
in slime control at wood pulp mills, are the products of 
the practical experience of industrial wood-workers. 
True synergism has rarely if ever been demonstrated 
for wood preservatives, but its demonstration is not 
essential to the argument for mixtures. 

Concordantly with the rectilinear relations commonly 
found between toxicant effects and the logarithms 
of their concentrations, the logarithms of the thresholds 
for different fungi in the same test tend to be symmetri- 
cally distributed and are, therefore, probably better 
values for statistical handling than are the concen- 
trations themselves. Of 13 arrays of thresholds for 
different decay fungi encountered in the literature, 
the actual concentrations were positively skewed in 10, 
while their logarithms showed much less skewness, 
positive in 6 arrays, negative in 5, and none in 2. The 
logarithms of the threshold concentrations for the differ- 
ent fungi in the agar trials of Rabanus (1931), Richards 
(1924, 1925), Baechler (1938) and Carswell and Hat- 
field (1939) agree in general with the wood-block trials 
of Cowling (1957) and those summarized by Schulze et 
al. (1950) in showing wide scatter for arsenicals, decreas- 
ing through the heavy metals to a more moderate range 
for pentachlorophenol, and relatively narrow ones for 
sodium bichromate and sodium fluoride, which owe 
their effect to the anions. As might be expected, mix- 
tures such as creosote and Wolman salts showed nar- 
rower ranges than did some of the single chemicals, 
though there were rather large differences in reactions 
to mixtures that contained arsenic. 

The obvious inference from such results, so far as 
pure toxicity is concerned, would be that the preserva- 
tive chemicals to which fungus reaction is least variable 
might be fairly effective against the decay-fungus 
populations encountered in service when used alone, 
while a chemical with wide scatter of thresholds for 
different. fungi would be best utilized in mixtures 
containing other components that are effective on the 
fungi against which the first is weak. Writing such an 
ideal prescription is rarely possible on the basis of our 
present knowledge. Cost and resistance to weathering 
would also need to be considered. One relatively recent 
case of a successful preservative mixture based partly 
on knowledge of the fungi rather than on pure em- 
Piricism may be noted. Coal-tar creosote, a mixture of 


numerous chemicals, is efficient against nearly all 
wood-rotters, but against one, Lentinus lepideus, it too 
frequently fails. Fortunately L. lepideus was found in 
the laboratory to be intolerant of pentachlorophenol 
(Carswell and Hatfield, 1939, and Duncan and Rich- 
ards, 1950) with the result that addition to creosote of 
relatively small amounts of the chlorophenol gives 
excellent protection. With more information on the 
fungi that resist particular preservatives, the same 
sort of intelligent mixture should be possible with other 
chemicals. 


Microorganisms Detoxify Preservatives 


High tolerance of a toxicant may be due to the ability 
of the organism to destroy the toxicant or change it to a 
less toxic form. This principle has long been tacitly 
recognized in the practice of standardizing the con- 
centration of the organism as well as of the toxicant 
in laboratory trials. The decolorization of copper 
naphthenate is a frequently observed indication of 
change in a wood preservative. Scott’s (1926) studies 
of the prompt effect of a fungus on chemical solutions 
to which it is added are of interest. The production of 
acid that is related to tolerance of copper (Horsfall, 
1956) varies sharply among decay fungi (Shimazono 
and Takubo, 1952), though apparently always low 
in the white rots. Since much of the acid is oxalic it has 
been thought that the precipitation of the copper as 
oxalate explained the effect of the acid production. 

Detoxification may be by change to a less soluble 
form, but also sometimes by change to a more soluble 
form (Lin, 1940; Marsh et al., 1944). Gottlieb (1957) 
lists 60 metabolic products that inactivate antimicrobial 
chemicals and discusses the types of antidoting effect. 
Biological inactivation of preservatives is, of course, 
not limited to the decay fungi themselves, and this 
fact is another reason for supplementing pure culture 
laboratory trials with tests that are exposed to the 
entire microflora. The nondecay creosote fungus 
Hormodendron resinae has been reported as reducing 
somewhat the efficiency of creosote (Marsden, 1954). 
Penicillium roquefortii is reported as commonly de- 
toxifying the phenyl mercuric acetate used to prevent 
decay in groundwood pulp (Russell, 1955). Soil or- 
ganisms may also affect fungicides. Results that are 
very suggestive, came out of early British and German 
work on soil disinfection some decades ago (Buddin, 
1914; Sen Gupta, 1921). Phenol and other nonvolatile 
organic fungicides were destroyed in a short time by 
specialized bacteria that multiplied excessively in the 
treated soil and declined when the fungicide was gone. 
This loss of fungicide was distinct from nonbiological 
inactivation attributed to manganese oxide and other 
factors (Sen Gupta, 1925). The soil flora is tremen- 
dously varied. The exhaustion of the preservatives in 
the outer layers of poles and posts at or below the ground 
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line cannot be safely blamed altogether on leaching 
or vaporization until there is some study of the suscep- 
tibility of wood preservatives to soil organisms. 

Not only the kind but the amount of inoculum 
present is certainly important. The importance of 
mass infection in overcoming the natural defenses of 
living organisms is well known and undoubtedly holds 
also in the assault by fungi against either the natural 
or the artificial defenses of wood. 


Nondecay Organisms Versus Decay Fungi 


The interference with decay fungi by nondecay 
organisms is another factor in the success of the wood 
preservatives, whether occurring naturally or artificially 
added. Simulated boat assemblies at Beltsville, Mary- 
land, under what we considered optimum decay con- 
ditions, have undergone so little decay through 8 
years of exposure that the value of the experimental 
work with them has been much reduced. Molds over- 
grew the decay fungi, and bacteria and other less 
conspicuous forms may have been doing the same 
thing less obviously. 


Adaptation of Experimental Procedure to the Facts 
of Mycology 


The variety of misbehavior found in the fungus flora 
has an important bearing on experimental design for 
preservative trials. In laboratory screening of pre- 
servatives, species of test fungi should be chosen that 
have more than usual tolerance to the types of pre- 
servative being tested. However, the test fungi must be 
those that are common and widely distributed, and the 
strains used should preferably be typical of the species 
rather than the most tolerant strains. A systematic 
effort is being made now to determine which fungi most 
often cause the failures of particular preservatives in 
the field. Definitely specified isolates of particular 
species should be used in quality control or specifi- 
cation compliance tests. However, it would seem prefer- 
able in a laboratory screening test on chemicals on 
which some earlier tests have been made to use species 
or isolates that have not been used earlier, so that the 
laboratory trials as a whole will come to represent a 
larger part of the fungus flora encountered by a pre- 
servative in use. In any inoculation work, reports should 
include not only species names but also the isolate 
numbers or information on source that will enable 
readers to tell whether they are or are not identical 
with isolates used by others. 

Field trials should involve exposure to a repre- 
sentative sample of the local microbial populations, 
not merely wood rotters, but molds and soil organisms 
that may aid or hinder the decay fungi. Much study 
will be required before enough is known about the 
microflora to do this very intelligently, so we must 
try for fungus variety by choosing experimental sites 
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representing a variety of soils and climates on the 
assumption that these differences will be reflected by 
differences in the organisms present. Soil acidity, 
moisture and organic matter perhaps affect the im- 
portant microflora. A failure of a particular preserva- 
tive in the Florida fence posts, previously mentioned, 
is reported to have occurred only in the drier areas 
traversed by the fence. Field plots, limited for example 
to conifer sites, would probably fail to expose the 
preservatives tested to some of the fungi they would 
encounter in practical use in areas where broadleaves 
are numerous. 


Miscellaneous Biological Requirements 


A major requirement for preservatives, especially for 
wood in soil or salt water contact, is that they must 
protect also against animal forms. However, the sus- 
ceptibility of man has imposed a highly effective limi- 
tation on the use of most preservatives for the protec- 
tion of food containers. The direct effects of wood 
preservatives in increasing or decreasing corrosion of 
metal fasteners have had considerable attention, but 
the effects of such preservatives on the microorganisms 
that are frequently concerned in the corrosion of metal 
have not been studied. These more or less obvious 
biological factors are mentioned merely to try to 
complete the list. 
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Enzymes are biocatalysts produced by living cells to 
bring about specific biochemical reactions generally 
forming parts of the metabolic processes of the cells. 
Enzymes are highly specific in their action on sub- 
strates and often many different enzymes are required 
to bring about, by concerted action, the sequence of 
metabolic reactions performed by the living cell. All 
enzymes which have been purified are protein in nature, 
and may or may not possess a nonprotein prosthetic 
group. 

The practical application and industrial use of en- 
zymes to accomplish certain reactions apart from the 
cell dates back many centuries and was practiced long 
before the nature or function of enzymes was under- 
stood. Use of barley malt for starch conversion in 
brewing, and of dung for bating of hides in leather 
making, are examples of ancient use of enzymes. It was 
not until nearly the turn of this century that the 
causative agents or enzymes responsible for bringing 
about such biochemical reactions became known. Then 
crude preparations from certain animal tissues such as 
pancreas and stomach mucosa, or from plant tissues 
such as malt and papaya fruit, were prepared which 
found technical applications in the textile, leather, 
brewing, and other industries. Once the favorable 
results of employing such enzyme preparations were 
established, a search began for better, less expensive, 
and more readily available sources of such enzymes. 
It was found that certain microorganisms produce 
enzymes similar in action to the amylases of malt and 
pancreas, or to the proteases of the pancreas and papaya 
fruit. This led to the development of processes for 
producing such microbial enzymes on a commercial 
scale. 

Dr. Jokichi Takamine (1894, 1914) was the first 
person to realize the technical possibility of cultivated 
enzymes and to introduce them to industry. He was 
mainly concerned with fungal enzymes, whereas Boidin 
and Effront (1917) in France pioneered in the pro- 
duction of bacterial enzymes about 20 years later. 
Technological progress in this field during the last 
decades has been so great that, for many uses, micro- 


1 Presented at Symposium, Society for Industrial Micro- 
biology, Storrs, Connecticut, August, 1956. 
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bial cultivated enzymes have replaced the animal or 
plant enzymes. For example, in textile desizing, bac- 
terial amylase has largely replaced malt or pancreatin. 
At present, only a relatively small number of microbial 
enzymes have found commercial application, but the 
number is increasing, and the field will undoubtedly be 
much expanded in the future. 


PropucTION OF MicrRoBIAL ENZYMES 


Enzymes occur in every living cell, hence in all 
microorganisms. Each single strain of organism pro- 
duces a large number of enzymes, hydrolyzing, oxi- 
dizing or reducing, and metabolic in nature. But the 
absolute and relative amounts of the various individual 
enzymes produced vary markedly between species 
and even between strains of the same species. Hence, 
it is customary to select strains for the commercial 
production of specific enzymes which have the capacity 
for producing highest amounts of the particular en- 
zymes desired. Commercial enzymes are produced 
from strains of molds, bacteria, and yeasts as shown 
in table 1. 

Up until less than 10 years ago, commercial fungal 
and bacterial enzymes were produced by surface 
culture methods. Within the past few years, however, 
submerged culture methods have come into extensive 
use. Descriptions of processing methods for preparing 
industrial microbial enzymes have been published 
(Underkofler, 1954; Hoogerheide, 1954; Forbath, 1957). 


TABLE 1 


Some commercial enzymes and source microorganisms 


Source Enzyme Microorganism 
Fungal Amylases Aspergillus oryzae 
Glucosidases Aspergillus flavus 

Proteases } Aspergillus niger 

Pectinases Aspergillus niger 


Glucose notatum 


Catalase Aspergillus niger 
Bacterial | Amylases 
Proteases Bacillus subtilis 
Penicillinase 
Yeast Invertase Saccharomyces cerevisiae 
Lactase Saccharomyces fragilis 


19. 


| 
In 
of 

ba: 

em 
nu 
be: 
bre 
wi 
koi 
ple 
are 
be 

mi 

slo 

mc 
by 
ess 
wa 
In 
cul 
of | 
for 
ent 
em 
pro 
anc 
cill 
rec 
tha 
lab 
flas 
tan 
duc 
agi 
the 
out 
por 
per 
effi 
sm: 
I 
ren 
3 pro 
ma 
the 
anc 
sho 


1958] MICROBIAL ENZYMES 213 


For fungal enzymes, modifications of Dr. Takamine’s 
original mold bran process have usually been employed. 
In this process, the mold is cultivated on the surface 
of a solid substrate. Takamine used wheat bran and 
this has come to be recognized as the most satisfactory 
basic substrate although other fibrous materials can be 
employed. Other ingredients may be added, such as 
nutrient salts, acid or buffer to regulate the pH, soy 
bean meal or beet cosettes to stimulate enzyme pro- 
duction. In one modification of the bran process, the 
bran is steamed for sterilization, cooled, inoculated 
with the mold spores, and spread out on trays (Under- 
kofler et al., 1947; Forbath, 1957). Incubation takes 
place in chambers where the temperature and humidity 
are controlled within limits by circulated air. It may 
be stated that instead of trays for incubation, Taka- 
mine, as well as other producers, at one time used 
slowly rotating drums. Generally tray incubation gives 
more rapid growth and enzyme production. 

Bacterial enzymes have been and are also produced 
by the bran process. However, until recently the proc- 
ess originally invented by Boidin and Effront (1917) 
was most extensively employed (Wallerstein, 1939). 
In this process, the bacteria are cultivated in special 
culture vessels as a pellicle on the surface of thin layers 
of liquid medium, the composition of which is adjusted 
for maximum production of the desired enzyme. Differ- 
ent strains of Bacillus subtilis and different media are 
employed, depending on whether bacterial amylase or 
protease is desired. 

The submerged method was originally developed 
and first extensively employed for production of peni- 
cillin and other antibiotics. So much has been written 
recently about submerged culture of molds and bacteria 
that it is unnecessary to go into detail here. In the 
laboratory, submerged cultures are grown in shake 
flasks or in aerated tubes or flasks. Commercially, deep 
tanks are employed which have provision for intro- 
duction of sterile air and for vigorous agitation. The 
amount of air, degree of dispersion of air, and amount of 
agitation are dependent variables. For effective results 
the air must be dispersed in very fine bubbles through- 
out the mass of culture liquid. Fine aeration through 
porous substances may be used to produce high dis- 
persion. Most manufacturers, however, depend upon 
efficient agitators to break up the air into the requisite 
small bubbles. 

Either surface or submerged culture methods cur- 
rently may be employed for most microbial enzymes 
production. Usually different cultures must be used for 
maximum enzyme yields by the two methods, although 
there are exceptions to this rule. There are advantages 
and disadvantages to each method, some of which are 
shown in table 2. Which method is used for a par- 
ticular commercial enzyme will be dictated by plant 


equipment, convenience, relative yields, and appli- 
cation. 

Recovery of the enzyme generally depends upon 
precipitation from an aqueous solution, although some 
enzymes may be marketed as stabilized solutions. In 
the bran process, the enzyme is extracted from the 
koji (the name given to the mass of material per- 
meated with the mold mycelium) into an aqueous 
solution by percolation. In the liquid processes, the 
microbial cells are filtered from the beer. The enzyme 
may be precipitated by addition of solvents, such as 
acetone or aliphatic alcohols, to the aqueous enzyme 
solution, either directly or after concentration by 
vacuum evaporation at low temperature. The pre- 
cipitated enzyme may be filtered and dried at low 
temperature, for example in a vacuum shelf dryer. 
The dry enzyme powders may be sold as undiluted 
concentrates on a potency basis or, for most appli- 
cations, may be diluted to an established standard 
potency with an acceptable diluent. Some common 
diluents are salt, sugar, starch, and wheat flour. Most 
commercial enzymes are quite stable in the dry form, 
but some require the presence of stabilizers and acti- 
vators for maximum stability and efficiency in use. 

In theory, the fermentative production of microbial 
enzymes is a simple matter, requiring an appropriate 
organism grown on a medium of optimum composition 
under optimum conditions. The stocks in trade of 
microbial enzyme manufacturers are thus the selected 
cultures, the composition of media, and the cultural 
conditions, all of which are usually held confidential. 
In practice, enzyme manufacturers suffer the same 
difficulties in fermentation, frequently in even greater 
degree, as antibiotics producers. Total loss of fermenta- 
tion batches may result from contamination, culture 
variation, failure of cultural control, and other like 
causes. Furthermore, knowledge and careful applica- 
tion of the best methods for recovery, stabilization, and 


TABLE 2 


Comparison of surface and submerged processes 


Surface Submerged 


Requires much space for 
trays 

Requires much hand labor 

Uses low pressure air blower 

Little power requirement 


Minimum control necessary 
Little contamination problem 


Recovery involves extraction 
with aqueous solution, fil- 
tration or centrifugation, 
and perhaps evaporation 
and/or precipitation 


Uses compact closed fermen- 
tors 

Requires minimum of labor 

Requires high pressure air 

Needs considerable power for 
air compressors and agi- 
tators 

Requires careful control 

Contamination frequently a 
serious problem 

Recovery involves filtration 
or centrifugation, and per- 
haps evaporation and/or 
precipitation 
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storage of such delicate biological entities as the labile 
enzymes presents a constant challenge. 


APPLICATIONS OF MICROBIAL ENZYMES 


Uses of microbial enzymes in food, pharmaceutical, 
textile, paper, leather, and other industries are nu- 
merous and are increasing rapidly. The more important 
current uses are listed in table 3. Most of the industrially 
important microbial enzymes, with two major ex- 
ceptions at present, are hydrolases, which catalyze 
the hydrolysis of natural organic compounds. 


Carbohydrases 


Carbohydrases are enzymes which hydrolyze poly- 
saccharides or oligosaccharides. Several carbohydrases 
have industrial importance, but the amylases have the 
greatest commercial application. 

The various starch-splitting enzymes are known as 
amylases, the actions of which (Kerr, 1950; Myrbiack 
and Neumiiller, 1950; Meyer and Gibbons, 1951; 
Bernfeld, 1951) may be expressed in greatly simplified 
form as follows: 


a-amylase 
Starch : — dextrins + maltose 
(liquefying amylase) 
-amylase 
Starch > maltose 
(saccharifying amylase) 
Dextrins maltose 
. lucosidas 
Starch or dextrins » glucose 


The terms “liquefying”’ and “saccharifying”’ amylases 
are general classifications denoting the principal types 
of amylase action. 6B-Amylase, which is not of microbial 
origin, is a true saccharifying enzyme, forming maltose 
directly from starch by cleaving disaccharide units 
from the open ends of chains. The a-amylases from 
different sources usually have good liquefying ability, 
but may vary widely in saccharifying ability and ther- 
mal stability. Amyloglucosidase is saccharifying 
enzyme unique in that it attacks starch and 1 ,4-linked 
glucose oligosaccharides with direct formation of 
glucose. A range of amylases, suitable for almost any 
kind or extent of starch conversion, is now available 
from microbial sources. 

Bacterial amylase preparations generally remain 
operative at considerably higher temperature than do 
fungal amylases, and at elevated temperatures give 
rapid liquefaction of starch. A significant application 
of the bacterial enzyme is in the continuous process for 
desizing of textile fabrics (Gale, 1941; Wood, 1947). 
Another is in preparing modified starch sizing for 
textiles (Gale, 1941) and starch coatings for paper 
(Gale, 1941; Schwalbe and Gillan, 1957). 

High temperature stability is also important in the 


brewing industry where microbial amylases have found 
use in supplementing low diastatic malt, and especially 
for initial liquefaction of adjuncts such as rice and corn 
grits (Schellhas, 1956). Additional specific uses for 
bacterial amylase is in preparing cold water dispersible 
laundry starches (Pigman et al., 1952) and in removing 
wall paper. 

Fungal amylases possess relatively low thermal 
stability but act rapidly at lower temperatures and 
produce good saccharification. An enormous potential 
use for fungal amylase is as a saccharifying agent for 
grain alcohol fermentation mashes. At least two 
alcohol plants in this country regularly use fungal 
amylase for this purpose. It has been repeatedly shown 
that use of fungal amylases results in better alcohol 
yields than with malt conversion (Underkofler et al., 
1946; U. 8S. Department of Agriculture, 1950). 

An extremely important use for fungal amylases is 
in conversion of partially acid hydrolyzed starch to 
sweet syrups. Acid hydrolysis is a random action 
whereas enzymic hydrolysis is a patterned one. By 
proper control of the type and proportion of enzymes 
used (a-amylase, amyloglucosidase, maltase) syrups of 
almost any desired proportions of glucose, maltose, and 
dextrins may be produced (Dale and Langlois, 1940; 
Langlois, 1953). Crystalline glucose will probably soon 
be manufactured by amyloglucosidase conversion of 
starch, in competition with the conventional acid 
hydrolysis process. 

Amylases find extensive use in baking. Use of fungal 
amylase by the baker to supplement the diastatic 
activity of flour is common practice. The fungal 
amylase has the advantage of low inactivation tempera- 
ture. This permits use of high levels of the amylase to 
improve sugar production, which increases gas for- 
mation and improves crust color, without danger of 
excessive dextrinization of the starch during baking 
(Johnson and Miller, 1948, 1949; Harrel et al., 1950; 
Reed, 1952a; Miller et al., 1953; Pence, 1953). 

The first industrial manufacture of fungal enzyme, 
Takadiastase, in this country was for a pharmaceutical 
digestive aid, and this continues to be a major appli- 
cation (Beazell, 1942). 

Other applications of microbial amylases where 
both fungal and bacterial enzymes are utilized are in 
processing cereal products for food dextrin and sugar 
mixtures and for breakfast foods, for preparation of 
chocolate and licorice syrups to keep them from con- 
gealing, and for recovering sugars from scrap candy of 
high starch content. Fungal amylases are also used for 
starch removal for flavoring extracts and for fruit 
extracts and juices, and in preparing clear, starch-free 
pectin. Microbial amylases are used for modifying 
starch in vegetable purees, and in treating vegetables 
for canning (Bode, 1954). 

Several disaccharide-splitting carbohydrases have 
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TABLE 3 
Uses of industrial enzyme preparations 
Extent 
Industry Application Enzyme Source* Cs) 
Uset 
Baking and milling Bread baking Amylase Fungal, malt 2 
Protease Fungal 1 
Beer Mashing Amylase Malt, bacterial 1 
Chillproofing Protease Papain, bromelain, pepsin, fungal, | 1 
bacterial 
Oxygen removal Glucose oxidase Fungal 3 
Carbonated beverages | Oxygen removal Glucose oxidase Fungal 3 
Cereals Precooked baby foods Amylase Malt, fungal 2 
Breakfast foods Amylase Malt, fungal 2 
Condiments Protease Papain, bromelain, pepsin, fungal, | 2 
bacterial 
Chocolate, cocoa Syrups Amylase Fungal, bacterial 2 
Coffee Coffee bean fermentation Pectinase Fungal 2 
Coffee concentrates Pectinase, hemicellu- | Fungal 2 
lase 
Confectionery, candy | Soft center candies and fondants Invertase Yeast 2 
Sugar recovery from scrap candy Amylase Bacterial, fungal 3 
Dairy Cheese production Rennin Animal 1 
Milk, sterilization with peroxide Catalase Liver, bacterial 3 
Milk, prevention of oxidation flavor | Protease Pancreatin 2 
Milk, protein hydrolyzates Protease Papain, bromelain, pancreatin, | 2 
fungal, bacterial 
Evaporated milk, stabilization Protease Pancreatin, pepsin, bromelain, | 4 
fungal 
Whole milk concentrates Lactase Yeast 3 
Ice cream and frozen desserts Lactase Yeast 3 
Whey concentrates Lactase Yeast 2 
Dried milk, oxygen removal Glucose oxidase Fungal 3 
Distilled beverages Mashing Amylase Malt, fungal, bacterial 1 
Dry cleaning, laundry | Spot removal Protease, lipase, am- | Bacterial, pancreatin, fungal 1 
ylase 
Eggs, dried Glucose removal Glucose oxidase Fungal 1 
Mayonnaise, oxygen removal Glucose oxidase Fungal 4 
Feeds, animal Pig starter rations Protease, amylase Pepsin, pancreatin, bromelain, | 3 
fungal 
Flavors Removal of starch, clarification Amylase Fungal 3 
Oxygen removal Glucose oxidase Fungal 3 
Fruits and fruit juices | Clarification, filtration, concentra- | Pectinases Fungal 1 
tion 
Low methoxy! pectin Pectinesterase Fungal, vegetable 2 
Starch removal from pectin Amylase Fungal 2 
Oxygen removal Glucose oxidase Fungal 4 
Leather Bating Protease Bacterial, pancreatin, fungal 1 
Unhairing Protease, mucolytic Bacterial, fungal, pancreatin 4 
Meat, fish Meat tenderizing Protease Papain, bromelain, fungal 2 
Tenderizing casings Protease Papain, bromelain, fungal 3 
Condensed fish solubles Protease Papain, bromelain, bacterial 2 
Paper Starch modification for paper coat- | Amylase Bacterial, malt 2 
ing 
Starch and syrup Corn syrup Amylase, dextrinase Fungal 1 
Production of glucose Amylase, amylogluco- | Fungal 3 
sidase 
Cold swelling laundry starch Amylase Bacterial 7 
Pharmaceutical and | Digestive aids Amylase Fungal, pancreatin 1 
clinical Protease Papain, pancreatin, bromelain, | 1 
pepsin, fungal 
Lipase Pancreatin 3 
Cellulase Fungal | 3 
Wound debridément Streptokinase-strepto- | Bacterial, animal, plant | 1 
dornase, trypsin, 
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TABLE 3—Continued 
Extent 
Industry Application Enzyme Source* of 
Uset 
Injection for bruises, inflammation, | Streptokinase, trypsin | Bacterial, animal 2 
etc. 
Paper test strips for diabetic glu- | Glucose oxidase, per- | Fungal, plant 2 
cose oxidase 
Varied clinical tests Numerous Plant, animal, microorganisms 3 
Photographic Recovery of silver from spent film | Protease Bacterial 1 
Textile Desizing of fabrics Amylase Bacterial, malt, pancreatin 1 
Protease Bacterial, fungal, pancreatin 1 
Vegetables Liquefying purees and soups Amylase Fungal 3 
Dehydrated vegetables, restoring | Flavor Plants 4 
flavor 
Wine Pressing, clarification, filtration Pectinases Fungal 2 
Miscellaneous High test molasses Invertase Yeast 1 
Resolution racemic mixtures of | Protease Fungal 4 
amino acids 
Wall paper removal Amylase Bacterial 3 


* Where one of optional sources predominates it has been italicized. 


+ 1 General and extensive industrial use. 
2 Industrial use by some manufacturers. 
3 Limited industrial use. 

4 Laboratory or experimental use only. 


considerable importance. For the purpose of demon- 
strating analogous action, the three enzymes, maltase, 
lactase, and invertase may be considered together: 


maltase 


Maltose glucose + glucose 


lactase 


Lactose glucose + galactose 


invertase 


Sucrose glucose + fructose 


These enzymes all attack their corresponding disac- 
charides with the formation of two molecules of mono- 
saccharide. All may be obtained from fungal and 
bacterial sources, but invertase and lactase are ob- 
tained commercially from yeasts. Yeast and fungal 
invertases both hydrolyze sucrose, but differ in the 
nature of their actions. Yeast invertase is a fructosidase, 
attacking the fructose end, whereas fungal invertase is a 
glucosidase, attacking the glucose end of the sucrose 
molecule. This may be demonstrated by comparing 
activities against certain tri- and tetra-saccharides. 
For example, yeast invertase splits raffinose into fruc- 
tose and melibiose, but there is no reaction with fungal 
invertase since glucose is not terminal in the raffinose 
molecule: 


yeast invertase 


Raffinose 
(fructose - glucose 
- galactose) 
fructose + melibiose 
(glucose - galactose) 
Raffinose fungal invertase , no reaction 


Invertase (Neuberg and Roberts, 1946; Neuberg 
and Mandl, 1951) is employed in manufacturing 
artificial honey, and particularly for invert sugar which 
is much more soluble than sucrose. Hence, a very large 
use of crude invertase is to prevent crystallization in 
high test molasses. The high solubility of invert sugar is 
also important in the manufacture of confectioneries, 
liqueurs, and ice cream where high sucrose concentra- 
tions would lead to crystallization. Invertase is also 
used in the preparation of chocolate coated, soft cream 
center candies. Molding and coating are carried out 
while the contents are firm, after which invertase 
action yields a smooth, stable cream. 

Lactase (Reed, 1952b) may be employed in pre- 
venting lactose crystallization in ice cream, which 
causes “grainy” or “sandy” ice cream. Lactase also 
prevents lactose crystallization in both whole milk 
and whey concentrates. 

Maltase, while not marketed as such, plays an 
important role, as mentioned above, in the preparation 
of sweet syrups by the enzymic degradation of starch. 


Proteases 


Industrially available proteolytic enzymes produced 
by microorganisms are usually mixtures of endo- 
peptidases (proteinases) and exopeptidases. In overly 
simplified form the action of the proteases may be 
formulated: 


Proteins endopeptidases 
proteoses 
» amino acids 


polypeptides 
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In addition to microbial proteases, the plant proteases 
bromelin, papain, and ficin, and the animal proteases, 
pepsin and trypsin, have extensive industrial appli- 
cation. Because of the complex structures and high 
molecular weights of proteins made up of some 20 
different amino acids, enzymic proteolysis is extremely 
complicated. Most proteases are quite specific with 
regard to which peptide linkages they can split (Smith, 
1951). Hence, it is necessary to select the appropriate 
protease complex or combination of enzymes for specific 
applications. Usually this can only be determined by 
trial and error methods. By means of such experi- 
mentation, however, many and diverse uses have been 
found for the various proteases. With proper selection 
of enzymes, with appropriate conditions of time, 
temperature, and pH, either limited proteolysis or 
complete hydrolysis of most proteins to amino acids 
can be brought about. 

Microbial proteolytic enzymes from different fungi 
and bacteria are available. Most fungal proteases will 
tolerate and act effectively over a wide pH range 
(about 4 to 8), while with a few exceptions, bacterial 
proteases generally work best over a narrow range of 
about pH 7 to 8. 

Fungal protease has been used for centuries in the 
Orient for the production of soy sauce, tamari sauce, 
and miso, a breakfast food (Hoogerheide, 1954). In 
these usages, soybeans or other grains are steamed and 
inoculated with spores of Aspergillus flavus-oryzae or 
Aspergillus tamarii. After maximum enzyme production 
has taken place, the koji is covered with brine and 
enzymatic digestion allowed to take place. Limited use 
is made of this process for making soy sauce in this 
country also. In these uses, no attempt is made to 
separate the enzymes from the producing organisms. 
For most industrial applications, the microbial proteases 
are extracted from the growth medium as described in 
an earlier section of this paper. 

One of the largest uses for fungal protease is in 
baking bread and crackers (Johnson and Miller, 1949; 
Pence, 1953; Miller and Johnson, 1955). The proper 
amount of protease action reduces mixing time and 
increases extensibility of doughs, and improves grain, 
texture, and loaf volume. However, excess of protease 
must be avoided, and the time for enzyme action and 
quantity of enzyme used must be carefully controlled 
by the baker or sticky, unmanageable doughs will 
result. 

Cereal foods are also treated with proteolytic en- 
zymes to modify their proteins, resulting in better 
processing, including improved product handling, 
increased drying capacity, and lower power require- 
ments. 

To prevent development of undesirable haze in beer 
and ale when these beverages are cooled, proteolytic 
enzymes are added during the finishing operation to 
“chillproof” these beverages. Chillproofing agents 


contain pepsin, papain, bromelin, fungal and bacterial 

proteases in various combinations, and digest enough - 
of the protein to prevent formation of haze (Waller- 

stein, 1956). 

Proteolytic enzymes are used for tenderizing meats, 
and animal casings for processed meats. Consumer 
products contain papain and bromelin as active agents. 
Recent work at the American Meat Institute (Wang 
and Maynard, 1955) has shown that various proteolytic 
enzymes preferentially attack different meat tissues. 
Recent practical tests have indicated that combinations 
of plant, fungal, and bacterial proteases have an ad- 
vantage over any single enzyme for meat tenderizing. 

Protein hydrolyzates for condiments and _ special 
diets, and for animal feeds, are obtained by extensive 
enzymatic hydrolysis of plant, meat and fish, and milk 
proteins. Enzymatic processing has the advantage 
over acid or alkaline hydrolysis of proteins in the simple 
equipment employed and the lack of destruction or 
racemization of amino acids. 

Pharmaceutical and clinical applications for fungal 
proteases include their use in digestive aids, and for 
bacterial proteases (streptokinase-streptodornase) in 
debridement of wounds and by injection to relieve 
inflammation, bruises, and blood clots. 

Bacterial enzymes are used throughout the dry 
cleaning industry (Ferracone, 1951). Dry cleaning 
solvents will not remove proteinaceous stains, such as 
milk, egg, and blood, from clothing. Digesters con- 
taining bacterial proteases are used to solubilize such 
stains during the dry cleaning operation without dam- 
aging the fabric. A somewhat similar application is the 
use of bacterial proteases for desizing and degumming 
textiles. 

Other major industrial applications of bacterial 
proteases include bating and unhairing of hides for 
leather manufacture (Wallerstein Co., 1929), and for 
recovering silver from photographic film by enzyme 
digestion and solubilization of the gelatin coating. 


Pectinases 


The pectolytic enzymes are another important group 
of enzymes of microbial origin (Kertesz, 1951; Line- 
weaver and Jansen, 1951). The two well recognized 
types of pectolytic enzymes are pectinesterase and 
polygalacturonase, the actions of which in overly 
simplified form are: 


pectinesterase 


Pectin >» methanol + 


polygalacturonic acid 


Polygalacturonic acid 


> 


galacturonic acid 


Most commercial pectin enzymes are mixtures of these 
and probably other enzymes. An excellent review of 
the rather complex nature of pectolytic enzymes has 


J 
rg 
ng 
ich 
ge 
: 
in 
| 
es, 
ra- 
Iso 
am 
out 
ich 
lso 
nilk 
an 
tion 
rch. 
iced 
ido- 
erly 
be 
: 


218 L. A. UNDERKOFLER, R. R. BARTON, AND §. 8. RENNERT [VoL. 6 


recently been published by Demain and Phaff (1957). 

Pectins are colloidal in nature, making solutions 
viscous and holding other materials in suspension. 
Pectinesterase removes methyl groups from the pectin 
molecules exposing carboxyl groups which in the pres- 
ence of bi- or multivalent cations, such as calcium, form 
insoluble salts which can readily be removed. At the 
same time, polygalacturonase degrades macromolecular 
pectin, causing reduction in viscosity and destroying 
the protective colloidal action so that suspended ma- 
terials will settle out. 

Extensive use of pectolytic enzymes is made in 
processing fruit juices. Addition of pectic enzymes to 
grapes or other fruits during crushing or grinding 
results in increased yields of juice on pressing. Wine 
from grapes so treated will usually clear faster when 
fermentation is complete, and have better color. 

Most consumers prefer clear fruit juices. The cloud, 
such as in fresh cider, is usually material held in suspen- 
sion by pectin and filtration is difficult, if not im- 
possible. The safest way to accomplish pectin removal 
without affecting color or flavor is to treat the juice 
with a pectic enzyme. Juice for jelly manufacture is 
frequently depectinized since more uniform jelly can 
be achieved when a standard amount of pectin is added 
in controlled amounts. The variable quality and quan- 
tity of the natural pectin in the juice does not then 
interfere. 

Pectic enzymes are necessary for making high density 
fruit juice concentrates or purees. If apple juice is 
concentrated to 72° Brix without removal of the natu- 
rally occurring pectin, a gel will result rather than the 
desired liquid concentrate. In most cases, juices are 
depectinized and filtered before concentration, but in 
others the pectinase is allowed to act while the juice 
is being concentrated. 

Another use for pectic enzymes is in removing the 
gelatinous coating from coffee beans (Johnston and 
Kirby, 1950). Natural fermentation produced by 
microorganisms on the beans formerly was used for this 
purpose but sometimes gives unpredictable results. 


Other Hydrolytic Enzymes 


Other useful hydrolytic enzymes include cellulase, 
hemicellulase, and pentosanase. Partly due to lack of 
commercial availability of high-potency products, 
particularly for cellulase, they are not yet of major 
industrial importance. 

There are numerous potential uses for cellulase, such 
as in tenderizing cellulosic food products and _re- 
covering cellulosic wastes. Manufacturers are actively 
seeking more active cellulases, and large-scale uses 
must await their availability. 

Hemicellulases are active in hydrolyzing certain 
gums. One industrial application is in preventing 
gelation in coffee concentrates, where pectic enzymes 


are not effective (Reich et al., 1957). Other uses are in 
partially degrading various natural gums to reduce the 
viscosity of solutions of these gums. 

Simpson (1955) has reported increased yields of high 
quality starch from wheat by use of pentosanase. 

Lipases are produced by numerous organisms but 
have little industrial application, despite the importance 
of fats in foods. 


Nonhydrolytic Enzymes 


Only two nonhydrolytic enzymes at present have 
large-scale industrial applications, glucose oxidase 
and catalase (Snyder, 1953). 

Glucose oxidase is of fungal origin, and acts in the 
presence of oxygen to convert glucose to gluconic acid 
and hydrogen peroxide. It is highly specific and oxidizes 
only 6-p-glucose. 


+ O2 + HO glucose oxidase 
(glucose) 


+ H,0; 
(gluconiec acid) 


Catalase, which is also present in commercial fungal 
glucose oxidase preparations, acts on hydrogen peroxide 
to yield water and oxygen. 

The net reaction of the glucose oxidase-catalase en- 
zyme system therefore results in one-half mole of oxy- 
gen being consumed for each mole of glucose oxidized 


+ Or glucose oxidase-catalase 2C gH 0; 

The glucose oxidase-catalase system is used com- 
mercially both for removing glucose and for removing 
oxygen. An interesting application is also its use as a 
test reagent since it is specific for glucose. This sug- 
gestion was first made by Keilin and Hartree (1948), 
and it has had considerable use in laboratories for this 
purpose as a quantitative measure of glucose in the 
presence of other sugars (Whistler et al., 1953; Froesch 
and Renold, 1956). Commercial application is in the 
form of paper test strips for diabetic patients, which 
indicate the presence of glucose in the urine by a color 
change when the strip is dipped into the sample (Hunt 
et al., 1956; Adams et al., 1957). Numerous other uses 
for these test strips for qualitative detection of glucose 
are also possible. 

Extensive industrial use is made of glucose oxidase 
in desugaring eggs before they are dried (Baldwin et al., 
1953). Such removal of glucose greatly enhances shelf 
life of dried egg products by preventing the occurrence 
of ‘‘browning”’ and other deteriorative processes. 

The problem in marketing of certain canned foods 
and drinks is oxygen rather than glucose. In the case of 
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liquid products, glucose oxidase and a little glucose are 
simply dissolved in them before packing. Residual 
oxygen in the cans is thus removed by action of the 
glucose oxidase. For example, in canned soft drinks, 
the three major changes which may occur are loss of 
color, alteration of flavor, and can corrosion. Different 
flavors vary in their susceptibilities to these changes 
which may be traced to “head space” oxygen remaining 
in the can. Addition of small amounts of glucose oxidase 
to canned soft drinks has been shown (Barton et al., 
1955) to greatly enhance the keeping quality and 
diminish can corrosion of susceptible canned bever- 
ages. 

With cheese, glucose oxidase and glucose are coated 
on the inside of the wrapper where it contacts the 
cheese (Sarett and Scott, 1956). 

Following the same principles of application, many 
other uses for glucose oxidase become possible in 
packaged foodstuffs where the presence of glucose or of 
oxygen in the food or container presents a deterioration 
hazard. 

A recently patented (Scott, 1956) deoxygenation 
packet holds tremendous potential for future appli- 
cation. These packets are made of a film, such as 
polyethylene, which is impermeable to water, but 
allows the diffusion of oxygen. They contain glucose 
oxidase-catalase, along with glucose and appropriate 
buffers. When placed in sealed containers the packets 
rapidly take up the residual oxygen, leaving an at- 
mosphere free of oxygen. The Quartermaster Food and 
Container Institute (Kurtz and Yonezawa, 1957) 
have reported special effectiveness of the packets in 
protecting dried and dehydrated products containing 
fats and other oxygen-sensitive materials. These en- 
zyme packets may prove to be a practical solution in 
packaging dried foods and other items which now have 
short shelf life due to fat rancidity or other oxidative 
changes. 

Catalase, essentially free of other enzymes, may 
readily be obtained from bacteria (Herbert and Pinsent, 
1948), and also from animal sources. Cold-sterilization 
of milk for cheese processing, now under consideration, 
will provide an industrial outlet for catalase. Hydrogen 
peroxide is added to the milk to sterilize it, and catalase 
is used to remove the residual hydrogen peroxide 
before further processing the milk into cheese. 


Future oF InpustrIAL ENZYMES 


Industrial uses of enzymes have increased greatly 
during the past few years. Prospects are excellent for 
continuing increased usage of presently available 
enzymes in present applications, and in new uses, and 
of new enzymes for many purposes. 

Enzymes have several distinct advantages for use in 
industrial processes: 

1. They are of natural origin and are nontoxic. 
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2. They have great specificity of action; hence can 
bring about reactions not otherwise easily carried out. 

3. They work best under mild conditions of moderate 
temperature and near neutral pH, thus not requiring 
drastic conditions of high temperature, high pressure, 
high acidity, and the like, which necessitate special 
expensive equipment. 

4. They act rapidly at relatively low concentrations, 
and the rate of reaction can be readily controlled by 
adjusting temperature, pH, and amount of enzyme 
employed. 

5. They are easily inactivated when reaction has 
gone as far as desired. 

Because of these inherent advantages, many in- 
dustries are keenly interested in adapting enzymatic 
methods to the requirements of their processes. Ex- 
amples of some applications under intensive investi- 
gation include unhairing of hides for leather, protection 
of foods and other materials against oxidation, reso- 
lution of racemic mixtures of amino acids, and restora- 
tion of flavor to dehydrated or canned foods. 

Another recent application of enzymes has been in 
clinical test reagents. Additional developments in this 
field can be expected. 

Clinical application of enzymes has been developing 
also. Proteolytic enzymes are used for debridement of 
wounds, and promising clinical results have been re- 
ported by injection of certain enzymes such as strepto- 
kinase, crystalline trypsin, and chymotrypsin. Since 
many physical ailments result from derangement of 
metabolic enzyme systems, increased therapeutic use 
of enzymes, presently unpredictable, may be expected. 
For clinical and therapeutic uses, highly purified and 
perhaps crystalline enzymes will be necessary. Avail- 
ability of high purity enzymes on an industrial scale 
is just beginning, and rapid advances in this field 
may be expected. 

Currently much enzyme research is underway by 
various industries including enzyme manufacturers. 
Such research is devoted to finding new and improved 
methods for using enzymes, to improving yields of 
industrial microbial enzymes, and to finding new en- 
zymes for industrial purposes. Continually increasing 
usage of old and new enzymes will result from such 
research. 


SUMMARY 


The processes for industrial production of microbial 
enzymes by surface and submerged procedures have 
been reviewed. 

A table listing current industrial uses of enzymes 
has been presented and the major uses of the microbial 
carbohydrases (amylases, invertase, lactase and malt- 
ase), the proteases, the pectinases, glucose oxidase 
and catalase have been described. 
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The use of antibiotics in sprays and dusts applied to 
agricultural crops for the control of plant diseases has 
given rise to questions of immediate and practical 
importance. This review summarizes information on the 
fate of antibiotics that reach the soil, their persistence 
and susceptibility to chemical and microbiological 
degradation, and their effects on microbiological proc- 
esses related to soil fertility and crop production. The 
influence of antibiotics on seed germination and plant 
growth is discussed briefly. The ecological significance 
of antibiotic production under natural conditions is 
not considered since it was the subject of recent reviews 
by Brian (1949, 1957). 


THE PERSISTENCE OF ANTIBIOTICS IN SOIL 


The inactivation of antibiotics in soil may be the 
result. of one or more of three distinct processes: (a) 
intrinsic chemical instability of the antibiotic molecule; 
(b) adsorption on soil clay minerals and organic 
matter; and (c) microbiological degradation. 

The inactivation of such antibiotics as penicillin, 
viridin, gliotoxin, frequentin, and albidin may be 
partially or wholly explained by their intrinsic chemical 
instability in aqueous solution at the pH of the soil 
tested (Jefferys, 1952; Wright, 1954). The rapid in- 
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activation of cycloheximide, gladiolic acid, and peni- 
cillin in sterilized soil under pH conditions favorable to 
stability (Gottlieb et al., 1952; Jefferys, 1952) suggests 
that these antibiotics are subject to undefined chemical 
transformations. It is possible that in such cases the 
antibiotic is hydrolyzed or oxidized chemically with 
some soil constituent acting as catalyst. 

The adsorption of antibiotics by soil was noted by 
various investigators (Waksman and Woodruff, 1942; 
Pramer and Starkey, 1950a; Winter and Willeke, 
1951; Gregory et al., 1952; Hessayon, 1953) and studied 
extensively (Siminoff and Gottlieb, 1951; Gottlieb 
et al., 1952; Gottlieb and Siminoff, 1952; Martin and 
Gottlieb, 1952; Martin and Gottlieb, 1955). Basic 
antibiotics are adsorbed by clay minerals and soil 
organic matter, whereas neutral and acidic antibiotics 
are not adsorbed to any significant extent. Amphoteric 
antibiotics will act as either an acid or base depending 
on their isoelectric point and the pH of the soil. Since 
the pH of the soil is usually lower than the isoelectric 
point of the antibiotic, these substances behave as 
basic compounds in most cases. 

The adsorption of antibiotics by clay minerals results 
in expansion of the crystal lattice and flocculation of 
the clay. Although the biological activity of adsorbed 
antibiotics may be reduced (Skinner, 1956), it should 
not be concluded that the adsorption is irreversible and 
the inactivation permanent. Siminoff and Gottlieb 
(1951) showed that adsorbed‘streptomycin entered into 
base-exchange reactions and was to a limited extent 
replaceable by the dyes, methylene blue and janus 
green. Likewise, Ark and Alcorn (1956) reported that 
the addition of dipotassium phosphate, peptone, or 
certain other substances to a bentonite-streptomycin 
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adsorption complex released adequate quantities of 
the antibiotic for use as a bactericide. The retention of 
streptomycin by pyrophyllite was not as great as that 
by bentonite. Exchange reactions may very well be 
the basis of a soil slurry technique used successfully 
by Pramer and Starkey (Pramer and Starkey, 1950a, 
1950b, 1951; Starkey and Pramer, 1953) for the assay 
of streptomycin, strongly adsorbed in soil and not ex- 
tractable by solvents. Adsorption by clay minerals 
results in an increased resistance of protein to microbial 
attack (Pinck and Allison, 1951). Whether the microbial 
degradation of adsorbed antibiotics is influenced simi- 
larly remains to be investigated. 

Since antibiotics are natural products, it is highly 
probable that all are susceptible to microbial attack 
and degradation in soil. The rate of decomposition is 
dependent upon the nature of the antibiotic, and is 
influenced by the physical, chemical, and biological 
characteristics of the soil (Winter and Willeke, 1951; 
Jefferys, 1952; Wright and Grove, 1957). A list of those 
antibiotics reported to be degraded microbiologically 
in soil is given in table 1. Usually a more rapid in- 
activation of an antibiotic in normal soil as compared 
to sterilized soil is accepted as evidence for microbial 
decomposition. Methods for the measurement of anti- 
biotic activity, that are applicable to soil studies, were 
described and compared by Witkamp and Starkey 
(1956). 

Repeated addition of an antibiotic to soil favors the 
development of those microorganisms able to degrade 
the antibiotic and increases the rate of decomposition 
(Pramer and Starkey, 1951; Wright and Grove, 1957). 
Enrichment techniques have been employed success- 
fully for the isolation of microorganisms responsible for 


TABLE 1 
Antibiotics degraded microbiologically in soil 
Antibiotic References 

Actinomycin Waksman and Woodruff, 1942; Katz and 
Pienta, 1957 

Albidin Jefferys, 1952 

Chloramphenicol | Erhlich et al., 1952; Gottlieb and Siminoff, 
1952; Nissen, 1954 

Chlortetracy- Krasilnikov, 1954 

cline 

Cycloheximide Gottlieb et al., 1952 

Frequentin Jefferys, 1952 

Globisporin Krasilnikov, 1954 

Griseofulvin Brian et al., 1951; Jefferys, 1952; Wright 
and Grove, 1957 

Mycophenolic Jefferys, 1952 

acid 

Oxytetracycline | Krasilnikov, 1954; Nissen, 1954 

Patulin Gottlieb et al., 1952; Grossbard, 1952; 
Jefferys, 1952 

Penicillin Winter and Willeke, 1951; Jefferys, 1952; 
Krasilnikov, 1954; Nissen, 1954 

Streptomycin Pramer and Starkey, 1951; Winter and 
Willeke, 1951; Krasilnikov, 1954 


antibiotic decomposition in soil (Pramer and Starkey, 
1951; Nissen, 1954; Katz and Pienta, 1957; Wright 
and Grove, 1957). These isolates are useful in studies 
of the biochemical pathways of antibiotic degradation 
(Smith and Worrel, 1950; Perlman, 1952; Katz and 
Pienta, 1957; Wright and Grove, 1957). 


THE INFLUENCE OF ANTIBIOTICS ON THE SOIL 
MicrospiaL PoPpuLATION AND PROCESSES 


Relatively little is known concerning the influence of 
antibiotics in soil on microbiological processes required 
for a high level of soil fertility and crop production. 
Low concentrations of various antibiotics have been 
demonstrated to inhibit .completely the growth in 
laboratory media of pure and enrichment cultures of 
symbiotic nitrogen-fixing bacteria (Trussell and Sarles, 
1943; Casas-Campillo, 1951), nonsymbiotic nitrogen- 
fixing bacteria (Waksman and Woodruff, 1941), 
nitrifying bacteria (Pramer and Starkey, 1952), 
sulfur-oxidizing bacteria (Starkey and Pramer, 1953), 
and many plant pathogenic microorganisms (Katznel- 
son and Sutton, 1951; Gottlieb et al., 1952; Morgan 
and Goodman, 1955). However, the activity of an 
antibiotic in soil may be vastly different from that in 
laboratory media. This is illustrated clearly in a study 
of the influence of streptomycin on nitrification (Pramer 
and Starkey, 1952). Growth of an enrichment culture 
in solution medium was inhibited completely by 1 ppm 
of streptomycin. To obtain comparable inhibition of 
nitrification in sand, the antibiotic concentration re- 
quired was 1000 ppm, and in soil 10,000 ppm of strepto- 
mycin were necessary. Since streptomycin is basic, the 
reduced activity in soil may result from adsorption. 
However, neutral and acidic antibiotics, which are not 
adsorbed to any significant extent, also show less 
activity in soil than in laboratory media (Gottlieb and 
Sitminoff, 1952; Gottlieb et al., 1952). Although only 
0.6 ppm of unbound actinomycin was reported to 
inhibit completely the development of Bacillus subtilis 
in soil, this was 6 times the concentration required to 


’ prevent growth of the same organism in solution media 


(Martin and Gottlieb, 1955). 

The results of some workers (Siminoff and Gottlieb, 
1951; Gottlieb and Siminoff, 1952; Gottlieb et al., 
1952; Martin and Gottlieb, 1952, 1955) indicate that 
relatively few antibiotics influence the development of 
microorganisms in soil. However, the test organisms 
used (B. subtilis, Bacillus cereus, Saccharomyces pas- 
torianus) are of little or no agricultural significance, 
and the methods employed tend to detect bactericidal 
and not bacteriostatic activity. Studies of the influence 
of antibiotics on transformations of agricultural im- 
portance that result from microbial activity in soil are 
few and not sufficiently comprehensive for generali- 
zation. Relatively high concentrations of chlorampheni- 
col (Quastel and Scholefield, 1951), streptomycin 
(Pramer and Starkey, 1952), thiolutin and oxytetra- 
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eycline (Hervey, 1955) inhibit nitrification in soil. 
Streptomycin seems to act by preventing growth of the 
nitrifying bacteria because it does not interfere with 
the oxidation of ammonia by resting cell suspensions of 
Nitrosomonas (Lees, 1952). Streptomycin and chlor- 
tetracycline decreased the amount of carbon dioxide 
produced by soil during a 14-day test period (Nissen, 
1954). However, the addition to soil of antibiotics 
susceptible to decomposition caused an increase in 
both carbon dioxide production (Nissen, 1954) and in 
the total number of microorganisms (Waksman and 
Woodruff, 1942; Gottlieb et al., 1952; Hervey, 1955). 
Soil treated with patulin for seven days contained many 
more bacteria and fungi than untreated soil. In ad- 
dition, the antibiotic appeared to select and favor the 
development of only patulin resistant cells (Gottlieb 
et al., 1952). 


THE INFLUENCE OF ANTIBIOTICS ON SEED GERMINATION 
AND PLANT GROWTH 


Since antibiotics in soil may affect higher plants as 
well as microorganisms, their influence on seed germi- 
nation and plant growth will be considered briefly. 

The phytotoxicity of antibiotics was assessed by a 
number of procedures, including cytological techniques 
(Brown, 1948; Dufrenoy et al., 1949), a simple seed 
germination test (Wright, 1951; Gray, 1955; Pramer 
and Wright, 1955), cell elongation of Avena coleoptile 
sections (Rosen, 1954a), nutrient solutions (Pramer, 
1953; Rosen, 1954a; Norman, 1955a), and spray appli- 
cations (Altman and Bachelder, 1956). The extent 
and type of injury varied with the nature, concentra- 
tion, and mode of application of the antibiotic tested. 
Likewise, different plants varied in their susceptibility 
to injury by any one antibiotic at a given concentration. 
Usually root and shoot growth were inhibited more 
severely than seed germination. Streptomycin was of 
particular interest, for treated seedlings were stunted 
and partially devoid of chlorophyll (Von Euler, 1947; 
Bogorad, 1950; Wright, 1951; Rosen, 1954b; Pramer 
and Wright, 1955). Whether the bleaching effect of 
streptomycin was due to destruction of chloroplasts or 
to failure of colorless tissue to synthesize chlorophyll, 
or both, is not known. However, it is not possible 
to obtain bleaching without toxic effects. In general, 
microorganisms are much more sensitive than higher 
plants to antibiotics. 

Some antibiotics were reported to stimulate seed 
germination and plant growth (Nickell, 1952, 1953). 
However, repetition of these experiments by other 
investigators (Barton and MacNab, 1954; Norman, 
1955b) failed to confirm the initial reports. 

A number of antibiotics were demonstrated to be 
absorbed by the roots of plants and translocated to 
stems and leaves (Crowdy and Pramer, 1955). Strepto- 
mycin was observed to persist in plants for more than 
eight weeks (Robinson et al., 1954). Other antibiotics 


were shown to be inactivated and metabolized in 
plants (Crowdy et al., 1956; Sanwal, 1956). 


SUMMARY 


Since antibiotics are a heterogeneous group of com- 
pounds, varying greatly in their chemical structure and 
reactivity, and soils are not homogeneous, but differ 
physically, chemically, and biologically within wide 
limits, no generalizations regarding the stability and 
biological effects of antibiotics in soil are possible at 
this time. The fate of each antibiotic in any particular 
soil remains a unique situation that requires investi- 
gation. Although our present knowledge indicates that 
some antibiotics in soil are unstable chemically, and 
many, if not all, are degraded microbiologically, it 
appears that several antibiotics persist in some soils 
for a sufficient time to have a biological effect. Although 
some antibiotics can influence seed germination, plant 
growth, and the microbial population of soil, the 
concentration required is greater than that necessary to 
produce the same effects in laboratory media. The 
mechanism by which soil acts to modify or reduce 
antibiotic activity is not known. Much work remains 
to be done before we can predict whether an antibiotic 
that reaches the soil, as a consequent of its use in 
agricultural sprays and dusts, will have a beneficial 
or harmful effect. 
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